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THE NEMBUEAIZMETABOLIC RATE AS AN AID 
Rees LUD OPPs lA YROID EUNC TION 


By H. HORTLING anp L. HIISI-BRUMMER 


From Medical Department II of the Deaconess Hospital, Helsingfors, Finland 


(Received for publication June 23, 1956) 


sspite the advances which have been 
> during recent years in the study of 
id function in health and disease, many 
nostic difficulties remain. The determi- 
in of the serum protein — bound iodine 
the radio-iodine technique elucidate dif- 
it phases in the hormone production of 
hyroid gland and hence neither of them 
» is conclusive; both methods are tech- 
ly very elaborate and the reliability of 
‘esults depends on previous iodine me- 
ion in any form, chronic illness, etc. 
radio-iodine uptake is also altered if 
yatient has a nontoxic goiter as is com- 
in endemic goiter regions (Blom, Terp- 
Querido, 1954; Engstrém, 1955; Silver, 
ilom & Newberger, 1956; Lamberg, 
Iberg & Kuhlback, 1956) such aus 
ind. It is also possible that the hor- 
» produced is normal but that the peri- 
al tissue cells are not able to use these 
ions either as thyroxine or as triiodo- 
mine (Reiss & Haigh, 1955; Kurland, 
olsky & Freedberg, 1955). 


It has long been recognized that deter- 
mination of the basal metabolic rate fre- 
quently gives misleading results, mainly 
because of its great dependence on the 
mental state of the patient. This method is 
a measure of the total oxygen consumption, 
which is not, however, regulated by the 
thyroid gland alone (Rapport, Curtis & 
Simcox, 1951). At any rate, determination 
of the metabolic rate affords a virtually pure 
measure of the oxygen requirement of the 
tissues, at least as compared with the other 
methods mentioned above. Some investigators 
have, therefore, tried to improve the relia- 
bility of the determinations of the basal meta- 
bolic rate. Attempts have mainly been con- 
cerned with elimination of the sources of 
error depending in different ways on psychic 
instability. Phenobarbital administered orally 
some time prior to the determination of the 
basal metabolic rate, 7. e., one night or one 
hour before, has not given satisfactory re- 
sults. Bartels (1949) used natrium penthotal 
intravenously, but in some cases laryngo- 
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spasm developed, which needed a trained 
anesthetist to cure, but the method gave pro- 
mising results in excluding the disturbing 
influence of nervous and muscular factors. 
Rapport et al. (1951) tried Nembutal, which 
they administered intravenously in such a 
way that the first minute the patient received 
50 mg and thereafter 25 mg every minute 
until sleep supervened, whereupon the deter- 
mination was performed. The average dos- 
age was 212 mg. They claimed that such a 
“somnolent metabolic rate’ was a_ better 
index of dysfunction in the thyroid gland 
than the ordinary basal metabolic rate and 
especially useful when nervous disturbances 
prevailed. In such nervous states the average 
difference between a determination made 
immediately before and after the administra- 
tion of Nembutal was 32 per cent against 
8.5 per cent in the other groups. Especially 
in cases of hypothyrosis with normal or 
elevated metabolic rate the somnolent meta- 
bolic rate according to Rapport may assist 
the diagnosis. In hyperthyrosis, too, the use 
of Nembutal is useful in eliminating extra- 
thyroid components. The somnolent meta- 
bolic rate is especially helpful in situations 
where serum protein — iodine or the radio- 
iodine technique are not available for dif- 
ferent reasons but the method also has value 
as a measure of the total effect of the 
thyroid hormone on the end organs in the 
tissues. Others have since experimented with 
the same method. Walzer, Ludwig & Ortelli 
(1954) feel that this method does not elimi- 
nate the drawbacks of the regular determina- 
tion of the basal metabolic rate. Azerad & 
Ravaud (1954), Leonhardt(1954) and Fraser 
& Nordin (1955), recommend the method. 


In the IInd Medical Department of #i 
Deaconess Hospital, Nembutal has been usé 
for some years in connection with the dete 
mination of the basal metabolic rate in so n 
what modified form compared with th 
method used by Rapport et al.. 

The dose of Nembutal (sodium per 


barbital) used was somewhat less, 7. é. W 


patients too and the Nembutal determinatio 
was made either alone or the day after t& 
ordinary determination to achieve a compas 


Rapport; it varied between 100—150 mg i 
most cases. No complications were seen bt 
a few patients felt somnolent some hott 
after the injection was made and had to ré 
some time at the laboratory before goif 
home. Before the determination the patie 
had a rest lasting at least half an hour. Th 
ordinary respirometer of Krogh’s type w 
used. 


MATERIAL 


Altogether determinations of the basal metabe 
rate after previous Nembutal administration (NBI 
were made on 340 patients, 173 of whom we 
euthyroid, 86 hypothyroid and 34 thyrotoxic a 
the rest undetermined, 20 determinations were ma 
policlinically. The material has been followed 
by the same observer and the final diagnosis w 
in most cases determined by the result of ft 
therapy employed or a long follow-up of the patie 
The diagnosis of hyperthyrosis. has proved som 
what easier than that of hypothyrosis. In the ca 
of hypothyrosis, the effect of administration | 
thyroid hormone on the metabolic rate or on ft 
patient’s symptoms during at least ‘some mont 
but mostly for a longer time has been evaluate 
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Tablel. Average results of determinations of the ordinary basal 
metabolic rate (BMR) and the determinations after previous Nem- 
butal administration (NBR) in the different groups of patients. 


Number of 
determinations 


Clinical diagnosis 


uthyrosis; 0keese- 93 
Hyperthyrosis ..... 25 
Hypothyrosis ...... 34 
Euthyreosis 
without 
al and with 


Nembutal! 


1. Frequency distribution of the values of 
minations of BMR and NBR (basal metabolic 
after injection of Nembutal) in the euthyroid 
nts. Each column indicates the number of 
ngle determinations of BMR and NBR in 

10 per cent groups. 


No Hyperthyreosis 


1 f 20 31 49° S# 61-71 81 91 for gn 
re + % 
BMR 
2. Frequency distribution in the hyperthyroid 
patients. 


Hypothyreosis 


mas 39:6 629: :619°:~—«C9 1 ZH SAIS “6 At (8. (94 
=s rt + % 
BMR 
3. Frequency distribution in the hypothyroid 
patients. 


Average results in per cent 


Difference 


BMR NBR 


+18 stl a 
+70 qa! 19 
Sei —7 18 


Many of the cases of hypothyrosis are mild cases 
and the criteria for making this diagnosis are still 
a matter of controversy (Starr, 1954). As this study 
is only intended as a comparison of the usefulness 
of determinations of the basal metabolic rate with 
and without Nembutal, we shall not further discuss. 
the basis for the diagnosis of hypothyrosis. At any 
rate all diagnoses are uniformly interpreted. 


RESULTS 


In 151 patients parallel determinations of 
NBR and ordinary basal metabolic rate 
(BMR) were made, the latter on the pre- 
vious day. The results are seen in Table I. 

An interesting point was that in the euthy- 
roid group a comparatively large number of 
patients complained of neurotic symptoms. 
In 22 of the patients with the most typical 
nervous complaints, the difference between 
BMR and NBR was, however, the same as 
in the whole euthyroid group or +7 per cent. 

Fig.s 1—3 show the frequency distribution 
of the values of determinations of BMR and 
NBR for the three groups of patients. Each 
column indicates the number of single deter- 
minations of BMR and NBR in 10 per cent 
groups. 

In Fig. 1 are seen the determinations in 
the euthryroid patients. Broadly speaking 
the values are grouped according to the 
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Table Il. Comparison of BMR and NBR 
with respect to their usefulness in making 


Table Ill. The usefulness of a sing] 
determination of NBR in making the cliniee 


the clinical diagnosis. diagnosis. ) 
ane ; : Value: No. of | No. of he , : Values Number 
Clinical diagnosis in me ee. BMR | NBR Clinical diagnosis in per cent NBR 
Euthyrosis .... >+30 16 14* Buthyrosis etait: > +30 0 
93 cases > +40 12 3 82 cases <<a 2 
< =9 3 Z 
: Hypoth ds oe tere: =--30 (0) 
Hypothyrosis .. > +30 8 5 oe es Ss +10 2 
34 cases >+10 14 8 Leis 22 
eG) 3 15 ‘ 
Hyperthyrosis >+30 Py) 19 Hyperthyrosis ....... >+30 : 7@ 
24 cases el) 24 p24: 10 cases >= 10 10 


Gauss distribution curve for normal distri- 
bution by chance, with the majority of cases 
grouped between — 9 per cent and + 29 per 
cent. These random values were also chosen 
as boundaries in judging the conformity of 
the values of BMR and NBR respectively 
with the clinical diagnosis. 

The column of NBR values between + 31 
and ++ 40 deserves special mention. Surpris- 
ingly the column here is much higher than 
the BMR column. One would think these 
values belonged to patients with even higher 
BMR, such values being seen in limited 
number in the graph. A closer study, how- 
ever, showed that in 5 of the 11 patients in 
this column the NBR was higher than the 
BMR. Obviously the higher column to a 
great part is derived from a special group of 
patients. The number of cases in the whole 
series with the NBR more than 10 per cent 
higher than the BMR was 21. Almost all of 
them exhibited rather marked nervous symp- 
toms, which were not analyzed further. The 
finding will be discussed later on. 


Further, the histograms clearly show 
overlapping of the values of the determine 
tions of the basal metabolic rate with an 
without Nembutal in the hyperthyroid an 
hypothyroid patients compared with 
values in the euthyroid patients. Table 
shows the results of a comparison of B 
and NBR with respect to their usefulness 1 
making clinical diagnosis. The random val 
— 9 per cent and + 30 per cent were in cé 
formity with the distribution of the NB 
and BMR values in graph 1 used to mak 
such a comparison possible. 

Within the random values used, this tab 
seems to indicate that the NBR gives rest 
that fit the clinical diagnosis of the thyr 
disease better than the BMR. In the euth 
roid group () NBR was higher than BJ) 
in 7 of the 14 cases. 

In order to check the validity of th 
figures and also the usefulness of a sin 
determination of NBR, NBR alone 
used in another series of 143 cases. 7 
results are reviewed in Table III. 
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1e figures in Table IIT show fairly good 
ement with the ones in Table II. 

3 it was possible that in general the lower 
X value depended on the fact that the 
rmination was made the day after the 
R was measured, we made parallel in- 
gations in 40 cases of NBR and BMR 
verse order, that is the NBR was made 
lay before the BMR. The average NBR 
= was now —0.5 per cent against + 2 
cent without Nembutal. These figures 
, that it is not the fact that NBR was 
e after BMR that caused the difference 
le results of the basal metabolism deter- 
tions. They also show that NBR is at 
as free from psychic influences as is 
second of two ordinary determinations 
ubsequent days. 

$ several papers have been published 
ng with the limitations of the usual 
ratory methods for determination of 
m protein iodine, radio-iodine uptake 
secretion, and serum cholesterol, we do 
intend to report a detailed comparison 
he determinations of the basal meta- 
m with these other methods. To give 
> impression of the distribution of 
m protein — bound iodine in the cases 
studied, the histogram in Fig. 4 was 
piled. From it one is able to conclude 
the values of this test vary greatly 
1e individual cases, although some gen- 
trends are visible. In the group of hypo- 
pid cases most values were rather low 
six cases exhibited normal levels ac- 
ing to the usual standards. These higher 
es may depend on technical failure but 
factors mentioned in the introduction 
also be involved. (The determinations of 
m protein-bound iodine are made in the 
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Fig. 4. Distribution of the values of the single 
determinations of serum protein — bound iodine in 
different states of thyroid function. 


State Serum Institute (Prof. E. Uroma, 
M.D., Helsinki). Lamberg, Wahlberg & 
Forsius (1956) have reported results with 
this method. It is the intention of the authors 
later to discuss the diagnosis of hypofunction 
of the thyroid gland. 

The determination of the serum cholesterol 
seemed to be of little value in making the 
diagnosis of thyroid dysfunction, perhaps 
with the exception of hyperthyroid states. 
In 118 cases of euthyroidism studied, the 
average serum cholesterol was 254.4 mg/ 
100 ml, in 75 hypothyroid patients the aver- 
age was 275 mg/100 ml and finally in 31 
hyperthyroid patients 179.2 mg/100 ml. 
There was in all groups a wide dispersion 
of the values. 
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DISCUSSION 

This study indicates that the determina- 
tion of basal metabolic rate after a previous 
intravenous injection of Nembutal is more 
useful than the ordinary determination of 
the metabolic rate in making a diagnosis of 
the functional state of the thyroid gland. 
However, the study also showed that fre- 
quently the basal metabolic rate after ad- 
ministration of Nembutal gives misleading 
values. The present data are insufficient to 
allow a comparison of the usefulness of the 
basal metabolic rate with that of the other 
diagnostic aids such as determination of the 
serum protein iodine and the radio-iodine 
technique. Obviously the clinical picture and 
the result of the specific therapy in clinically 
disturbed thyroid function are at all times 
the most reliable guides in making the diag- 
nosis of such patients. 

The observation of NBR values more than 
10 per cent higher than the previous BMR 
in 21 cases deserves some mention. Rapport 
et al. also observed this phenomenon in their 
material but were not able to offer any ex- 
planation. In our cases mental disturbances 
dominated the clinical picture. Since Rap- 
port’s study, Schwarz (1955) and Schwarz, 
Kinderen & van Haalten (1955) in animal 
experiments have demonstrated an increase 
in the uptake of radioactive iodine and serum 
protein — iodine (PPI**!) after administra- 
tion of prominal to rats. They asked for 
similar observations in clinical patients. It is 
perhaps possible that the higher NBR in this 
material may be a concequence of a release 
by Nembutal of a central inhibition of the 
thyroid function. Such an inhibition has 
not, as far as we know, been described in 
clinical material and perhaps deserves some 
attention in the future. 


_ mean difference between BMR and NB 


It is difficult to know exactly how N@ 
butal administration changes the basal me : 
bolic rate. Apparently the most import , 
effect is to exclude some central nervoi 
agitation that makes the values more lab 
Very careful technical skill in carrying 01 
the ordinary basal metabolic estimation mi 
probable lessen, at least to some degree, tf 
disturbing effect of a labile mental state e ¢ 
without the use of Nembutal as was 
served in this material too during the cou ‘ 
of the investigation, but it seems that New 
butal makes the basal metabolic rate mor 
reliable in general clinical practice. 


SUMMARY 


In 293 patients where the diagnosis h 
been made on the basis of thorough obse 
tion and the results of therapy, determine 
tion of the basal metabolic rate was mac 
after previous intravenous administration ¢ 
Nembutal in a dosage averaging 100- 
150 mg. 86 patients were hypothyroid, 
hyperthyroid and 173 euthyroid. 

In 151 patients an ordinary determinati¢ 
of the basal metabolic rate (BMR) was ma 
the day before the Nembutal basal metabol 
rate (NBR). In the euthyroid group t 


was 7 per cent (+ 18 per cent —+11 p 
cent), in the hyperthyroid patients (25) ft 
difference was greater (+70 per cent —4 
per cent or 19 per cent) and in the 34 patien 
with hypothyrosis the difference was 18 
cent (++ 11 per cent —- —7. per cent). 
the euthyroid patients the same difference 
7 per cent, was seen in 22 selected patier 
with obvious symptoms of nervous 1 
stability. 
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the patients with hyperthyrosis, both 
_and NBR were elevated in almost all 
but in the hypothyroid and euthyroid 
its the NBR fitted the clinical diag- 
better. In 171 cases only the NBR was 
ired and the result as compared with 
inical diagnosis was about the same as 
an ordinary BMR was measured the 
efore. 

21 cases with predominantly nervous 
toms, the NBR was more than 10 per 
higher than the BMR. The possibility 
‘entral nervous inhibition in these cases 
iscussed. 

the diagnosis of the individual case of 
yrosis the NBR must, after all, be re- 
d as a rather unreliable method, per- 
with the exception of hyperthyroid 
its, but a comparison with the results 
rum protein—iodine determinations 
serum cholesterol values showed the 
to be true with these methods too. 
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In dealing with proteins it is often desired 
to remove low-molecular weight electrolytes 
as completely and as rapidly as possible. This 
is usually effected by electrodialysis, which 
is far superior to ordinary dialysis when the 
specific conductance of the solution is lower 
than 10 3 mho cm~1, a field strength of suf- 
ficient magnitude being applicable without 
the development of too much heat. 

For details the interested reader is refer- 
red to a very able review by R. E. Stauffer 
(1950) on the theoretical and practical 
aspects of dialysis and electrodialysis. He 
describes a number of laboratory electrodia- 
lyzers, some of which are rather complicated, 
but states that the simplest design consists 
of three chambers separated by semiperme- 
able membranes. 

Effective electrodialysis may be perform- 

-ed, however, by an even simpler appara‘us 
of the two-chamber design to be described 
below. It consists simply of a dialyzing bag 
suspended between two electrodes in a ves- 
sel containing continuously renewed water. 


APPARATUS 


Fig. 1 illustrates the apparatus the details of 
which are given in the legend. This arrang-ment 
of the dialyzing bag was used in all the experi- 


* The expenses of this investigation were de- 
frayed by a grant from The Danish State Research 
Foundation. 


ments, the glass rod in its centre being necess 
as an axis to secure regular rotatory motion (@ 
infra). By means of the glass tube at the top 
the bag, samples could be drawn for conductit 
measurements. In routine work no special eqt 
ment is required. 
Platinum electrodes 0,30 mm in diameter 
200 mm in length, are mounted on Plexiglas f 2 
in a way which prevents contact between the | 
and the electrodes. 
Distilled water (specific conductance 0.7 tO 
x 10--6 mho cm~-1!) is passed through a ¢ 
mounted in a cap which in situ encases the up 
part of a wide glass tube almost filled with tole 
This involves the advantages of (1) bacteriosta 
as by falling through the toluene the water becot 
quite well saturated with it (2) visual control 
the water flow, (3) toluene and water conta r 
toluene are not in contact with rubber tul if 
(4) little toluene odor in the laboratory, anc 
toluene may be renewed without any difficulty 
just lifting the cap and filling the tube. 
Distilled water is conveyed to the bottom ¢ 
dialyzing vessel, while the outflow is fron 
uppermost layer of water. This gives a tent 
to displacement of the warm water containing 
trolytes, as its density is, lower than that o 
cold water which has just entered. The elect 
concentration in the warm water is so sligh 
its effect upon the density may be left ot 
account. 
The outlet from the vessel must, in its pro 
part, have a lumen of at least 10 mm to 
blocking by air bubbles which may lead to 
flowing. 
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D 


1. Electrodialyzer. Dimensions: Radius 51 mm, Capacity: 1400 ml. @ platinum electrodes, b elec- 
e screening, c dialyzing bag, d glass rod, rotationaxisofthebag, e glass tube to remove samples, 
f distilled water, g toluene, # inlet of distilled water, i outlet. 


EXPERIMENTAL In all the experiments Visking Cellulose Sausage 
Casings were used as dialyzing bags. Where noth'ng 
else is stated, the bags had a radius of 8.5 mm. 
All the conductivity measurements were per- 
formed at 0.00° C at a LKB conductivity bridge. 


€ experiments were carried out at room 
rature. In the electric circuit the dialyzer and 
stance of 1000 ohms were joined in series, 
g the maximum effect in the vessel 12 and 
tts at a fall in the voltage of 220 and 440 RESULTS AND DISCUSSION 
respectively throughout the apparatus. The 


: Fig. 2 exemplifies the results of an electro- 
rature in the uppermost and warmest layer 


, dialysis experiment with 20 ml of 0.01 m 
ter was controlled during all the experiments, ; ; : 
decides the minimum water flow. Temper- KCl in the bag and Table I gives an impres- 
exceeding 42° C did not occur. sion of the dialysis rate for various electro-- 
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0 500 


1000 1500 2000 


Fig. 2. Electrodialysis of 20 ml 0.01 m KCl. Abscis- 

sa: Time in minutes, ordinate: logarithm of speci- 

fic conductance of the solution. Symbols: O no 

field applied, no rotation of the bag, @ 440 volts, 

without rotation, m 440 volts, 0.47 r.p.m. Starting 

water flow about 450 ml/h, gradually falling to 
about 200 ml/h. 


lyte solutions. As might be expected in view 
of the negatively charged membrane, dialysis 
is slower using KeHPOs. The experiments 
using protein solutions are illustrated in 
Figs. 3 and 4 and explanations given in the 
legends. 

These experiments show that the apparatus 
acts as an effective electrodialyzer. In addition 
to its simplicity and low cost, the method 
‘has other advantages above the ordinary 
apparatuses. For instance, it is well-suited 
for handling small samples and it makes it 
possible to run a salt-precipitated protein or 
a solution with high electrolyte concentration 
down to a practically salt-free solution 
without having to change the dialyzing bag 
(reduced risk of bacterial contamination), 
involving only the increase in volume con- 
ditioned by the dilatation of the dialyzing 
bag which is tied at both ends. In practice, 


log 
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oO 500 1000 1500 


Fig. 3. Electrodialysis of 20 ml 41g per 


ovalbumin in 0.01m KCl, starting pH 5.5. Coor 
nates as in Fig. 2. Symbols: O without elects 


field, without rotation, A. without electric fie 


32 r.p.m., @ 440 volts, without rotation, m 4 
volts, 0.47 r.p.m., A 440 volts, 32 r.p.m. Starti 


water flow about 400 ml/h, gradually falling 
the course of about 1500 minutes to about 200 n 


Fig. 4. Electrodialysis of 12.6 ¢ per cent ovalbu 


1500 2006 


in 0.008 m NaCl, pH 5.4 440 volts, no rotati¢ 


Dotted curve for 20ml solution in dialyzing 
with a radius of 8.5mm, water flow 400 > 
ml/h. Solid line for 150ml solution in bag wii 


radius of 21mm, water flow 1000 — 200 ml/I 


the electrodialysis is completed when 

electric current is nearly identical with 
current in the apparatus before the dialyz 
bag was suspended. 
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ther advantage is that it involves the 
lity of using a rotating dialyzing bag. 


bjects is partly to secure stirring, but» 


rily to make the direction of the elec- 
drrent through the walls of the dia- 
bag alternating. Bethe & Toropoff 
ter Manegold & Kalauch have studied 
ndency of any membrane placed in a 
m between electrodes to assume a 
sd condition on the two faces of the 
ranes such that the surface nearest the 
becomes negatively charged and the 
learest the cathode positively charged. 
‘esults in an accumulation of hydroxyl 
alkaline reaction) at the anode face, 
n acid reaction at the cathode face. 
ally, these phenomena are counteracted 
ing a positively charged anode mem- 
(anion permeable) and a negatively 
>d cathode membrane (cation perme- 
It is no uncommon finding in electro- 
is, however, that deposits of amor- 
, at times even more or less denatured 
n accumulate on the membranes. 

use of a rotating dialyzing bag, which 
ates the direction of the electric cur- 
hrough the membrane, might be im- 
| to obviate or reduce shifts in local 
yns and/or protein accumulations. Of 
, the electrodialysis is slower this way 
vith direct current, but Tables I and 
well as Figs. 2 and 3 show that dialysis 
ds at an acceptable rate and that the 
te values for conductance are close to 
obtained with direct current without 
mn. It is amusing to note that all ulti- 
values obtained at 0.47 rotations per 
e are even below those found with 
current alone (except in experiments 
AICls, in which the ultimate values are 
fal). 


Table II summarizes some experiments 
using alkali-denatured f-lactoglobulin which 
has a marked tendency to form’ amorphous 
deposits on the walls of the dialyzing bag 
during electrodialysis. It will be seen that 
by employing rotation it is possible to obtain 
lower values for conductance before deposit 
formation sets in. The values given for the 
dialysis experiments (0 volts) may be re- 
duced further, but there is only a slight 
tendency to a further decrease. 

Other experiments showed that regular 
alternating current without rotating bag, 
but with a frequency corresponding to the 
rotation experiments, gives poorer results, 
both as regards the dialysis rate and protein ' 
deposit formation. : 

Fig. 5 sets out the result of an electrodia- 
lysis experiment (220 volts, no rotation) 
with serum from a patient with hepato- 


descending 
a, p of 


ascending 


? B a, Alb. Alb. 


Fig. 5. Electrophoretic diagrams (moving boundary 
method). Serum from patient with hepatomegaly, 
y-protein of normal ‘“‘antibody” type. ————— un- 
treated serum, - - - - - - - euglobulins prepared by 
means of electrodialysis (220 volts, no rotation), 
oe proteins still in solution after electro- 
dialysis. The last two curves are plotted so that the 
sum of their areas is equal to the area below the 
curve representing untreated serum, whereas the 
mutual relation of their areas is equal to the re- 
lation between the amount of precipitated protein 
and protein still in solution. 
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400 ml/h, gradually falling to about 250 ml/h at the end of 1000 minutes. 


aT 


Time in minutes for dialysis from specific 
conductance 10~-* to 10-? mho cm™'. 
Starting solution 
20 ml solution 0 volts 440 volts 440 volts 
No rotation 0.47 rot./min. No rotation 


0.003 M AICI, 240 85 60 
average temp. 2326 30°C 32°C 
0.01 M KCL 340 135 75 
average temp. 26°C 36.Ce 332€ 
0.003 M K,HPO, 1050 185 60 
average temp. PAG 29°C 30°C 


Table II. Dialysis and electrodialysis of 4.9 g per cent alkali- denatured B-lactoglob 

ulin in 0.2 M NaCl, pH 9.2. Starting solution in dialyzing bag 15 ml. Starting water flét 

500 ml/h, decreasing to about 200 ml/h at the end of 3000 minutes. In the experime 

using 440 volts, however, the flow had to be increased to 700 ml/h in order to keep th 
temperature below 41° C. 


Appearance of 


Rot. | Min. 
Volts per after 
min. | _ start 


Specific 
conduct. 


x 10° 


solution membrane 


0 0 3020 207 7.3 | clear no deposits 
0 0.47| 2480 208 25 ny » 
Ons 2, 2775 153 6.6 » » 
220) 32, 1810 139 » » 
2795 66 slightly turbid | » 
3240 39 very turbid » 
4275 19 opaque » 
4695 16 5.5 | incipient preci- | thin deposit 
pitation ; 
440 |32 60 oi clear no deposits 
210 110 slightly turbid deposits in spots 
220 0.47 90 1473 clear » 
180 588 » marked deposit 
formation 
330 145 bag filled with deposits. 
220 0 90 1419 membrane towards anode entirely 
covered with deposits 
180 218 bag filled with deposits 
1280 1.2 | 5.0 | bag filled with deposits in flakes 


and firm lumps. 
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ascending descending 
Ba, Alb. Alb. a, B y 
6. Electrophoretic diagrams. Serum from 


t with macroglobulinaemia, y-protein of nor- 
s well as abnormal type. Plotted like Fig. 5. 
Electrodialysis: 220 volts, no rotation. 


ly. As much as 60 per cent of the protein 
precipitated as amorphous masses 
obulins). The figure shows electro- 
tic diagrams of the original serum pro- 
euglobulin, and the fraction soluble in 
ree solution (pH 6.5). It is evident that 
2 protein is not left unchanged by the 
dure. 
x. 6 presents a similar experiment with 
1 from a patient with macroglobuline- 
(Waldenstr6m). Only a small propor- 
of the euglobulin was precipitated in 
phous, flakes, the greater part forming 
ar jelly of a consistency like a ripe 
gage. The appearance bore a striking 
iblance to cryoglobulin, but despite 
ng the saline concentration, it was not 
le to make the jelly dissolve at about 
-and again separate into two layers in 
ld. Part of the abnormal protein has 
altered in the course of electrodialysis. 


See S = = cS 


ewe os 
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ascending descending 


Fig. 7. Electrophoretic diagrams. Euglobulin pre- 
pared by means of electrodialysis. 220 volts, 32 ro- 
tations per minute. 


In contrast to this Fig. 7 presents the euglo- 
bulin produced by 220 volts and 32 rotations 
per minute. Here is not possible to detect any 
modifications. 
SUMMARY 

A very simple electrodialyzer is described 
and its effectiveness illustrated. In its pre- 
sent design this apparatus is well-suited for 
handling volumes of 150 ml and less, and it 
also makes it possible to carry through dia- 
lysis from salt-precipitated protein to salt- 
free protein solution in the same closed dia- 
lyzing bag. By this means, the risk of in- 
fection is reduced, and the volume of the 
sample is only increased by the amount 
which corresponds to the dilatation of the 
bag. Lastly, by rotating the bag, alternating 
current may be passed through the dialyzing 
membrane, reducing the significance of the 
membrane phenomena which threaten the 
stability of many proteins. 
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recently published method of determin- 
bacterial sensitivity to antibiotic and 
otherapeutic agents (Czerkinsky, Diding 
duchterlony, 1955) has been compared 
an earlier method of analysis of bac- 
| sensitivity (Ericsson, Hogman & 
cman, 1954). In both methods filter 
r impregnated with antibiotics is placed 
ie surface of an agar plate and the anti- 
ss diffuse from the paper into the 
um. In the method described by Czer- 
yy, Diding & Ouchterlony, strips im- 
aated with antibiotic and chemothera- 
c agents are used. Disks, 5 mm in dia- 
r, made of filter paper are used by 
son in his method. 

e strips obtained from ACO (Apotekar- 
etens Laboratorieavdelning, Stockholm) 
yrepared by a special machine so that 
ntibiotic agents appear as equally-spaced 
rent colored rectangles. They are in the 
wing sequence reading from the black 
it one end of each strip: sulfathiazole, 
illin, chlortetracycline (aureomycin), 
tracycline, (terramycin), chloramphe- 
(chloromycetin) and streptomycin. The 
yening spaces are printed with linseed 
) prevent the agents from diffusing 
n the strip. Disks impregnated with the 


same agents as above were obtained from 
Bakteriologiska Laboratoriet, 
sjukhuset, Stockholm 60. 

The purpose of this investigation was to 


Karolinska 


compare the accuracy of these two methods 
by analysis of the “error of the method” and 
the correlation coefficient. 


MATERIAL 
Bacteria 


Two hundred eighty bacterial strains were iso- 
lated from urinary and respiratory tract specimens 
from clinical patients including gram negative and 
gram positive rods and cocci. 

The strains cover all four sensitivity groups pro- 
posed by Ericsson, as can be seen in Fig. 3. The 
test material can therefore be considered as repre- 
sentative of the bacterial strains usually handled by 
a routine laboratory for sensitivity determination. 

Staphylococcus aureus 200-P was used as a re- 
ference or standard strain. 


TECHNIQUE 


Medium 


Peptone-free Blood Agar: 
Agar — 20 grams ; 
Placenta-infusion — 1000 ml 
NaCl—3 grams 
Dextrose — 0.5 gram 
Dinatrium phosphate — 1.0 gram 
Horse blood — 5 per cent of total volume. 
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Disk test 


Ericsson’s method has been described elsewhere 
in detail (Ericsson et al., 1954) and only a brief 
review of the technique used will be given. Sam- 
plings from 5—10 colonies of the strains to be tested 
were suspended in 2.5 ml saline. One drop of the 
suspension was placed with a pipette on each of two 
peptone-free blood agar plates (10 cm diameter) 
and spread over the surface with a triangle shaped 
platinum wire. Three filter paper disks, impreg- 
nated with different antibiotics, were placed on 
each plate. The plates were left at room tempera- 
ture for three hours and then incubated for 15—18 
hours at 37° C. The greatest diameter of the zone 
of inhibition was measured with calipers and re- 
corded in mm. 


Strip test 
Strip application 


The impregnated strip was placed with a sterile 
forceps across the middle of a peptone-free blood 
agar plate (10 cm). The ends of the strip were 
pressed into the agar surface since they have a 
tendency to curl from the agar. Should this occur 
the readings for sulfathiazole and streptomycin 
would be misleading. 


Inoculation 


To ensure a representative suspension, samplings 
were taken from 5—10 colonies of a test strain and 
suspended in 2.5 ml saline. After a suspension of 
minimum turbidity was prepared, one drop from 
a pipette was placed on one side of the plate and 
spread evenly with a platinum triangle up to the 
strip. Care was taken to avoid moistening the strip 
with the inoculum. A similar suspension of the 
standard strain was used to inoculate the other half 
of the plate. The ideal inoculum should give an 
even growth of non-confluent colonies. Too heavy 
a growth will result if the bacterial suspension is 
too dense or the inoculum too large. 


Incubation 


The plates were left at room temperature for 
three hours and then incubated for 15—18 hours 
at 372C, 
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Fig. 1. Test strip with inhibition zones on 
plate. — The arrows a and s indicate antagot 
and synergism between two antibiotics. The arr 

r show the distances measured for readings 


Readings 

The zone of inhibition was measured with 
lipers and recorded in mm. The greatest disté 
on a line perpendicular to the strip through 
antibiotic rectangle was taken. The width of 
strip (5 mm) was included to facilitate the re 
ings (Fig. 1). 


Control 


The standard strain was used as a control of 
medium, the strip and each antibiotic agent. If 
abnormality occurred, e.g. unusable medium 
strip, or a strip separated from the agar, the 
ing for that strip or single antibiotic was exclu 


CALCULATIONS 


Since inoculation, incubation and readi 
were performed the same way in the f 
methods we may compare directly their 
ficacy in determining bacterial sensitiv 
This was done by calculating for each a 
biotic agent used in each method the “er 
of method” and the correlation coefficiel 
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ERROR OF METHOD 
measures of the standard strain from the 
‘s of each method were chosen at random 
ir mean values and standard deviations were 
ted (Table I). These figures were used 
pute the errors of the method in the follow- 
mula (Croxton, 1953): 


V= * 100 


Zla 


-summary of these figures shows that 
ean error for the strip method is 9.3 
1c range between the highest and the 
values is 4.9. The corresponding val- 
x the disk method are: mean 8.2 and 
4.0. Excluding the results for chlor- 
nicol in the strip figures, a mean of 
da range of 4.1 are found. 


CORRELATION COEFFICIENT 

der to compare the disk method read- 
) those of the strip method, it was ne- 
y to convert the latter readings to 
eter measures”. The conversion for- 
used was 2a—5 = diameter measure 
, in which ‘‘a” equals the strip method 
g in mm. This diameter measure will 
kimate the reading of an inhibition 
which would surround a single filter 
rectangle placed within an inoculated 


ording to Erlansson (1951) the diffu- 
‘radient of an agent, applied as de- 
1, may for practical purposes be con- 
d a straight line if the concentrations 
tted in logarithmic scale and the dis- 
from the diffusion center in linear 
The gradients for different concen- 
is of the same agent will be parallel. 
yncentration of the antibiotic agent at 
riphery of the inhibition zone for the 


same strain may be considered to be the 
same. It is therefore possible to calculate the 
linear distance between two gradients for the 
same agent by determining one point on each 
gradient. With this figure one may adjust 
the measurements of inhibition found by two 
different methods, one to the other, even if 
the initial concentrations varied (Fig. 2). 
These considerations were used in the. cal- 


culation of the “disk unit conversion term” 
(Table I). 


Conc.in meg/ml 
logarithmic 
scale - 


ine} 
eee 


[e) 


Diameter of inhibition zone inmm 


Fig. 2. Method of calculating Disk Unit Conver- 
sion Term. — In this example Ericsson’s diffusion 
gradient for oxytetracycline is plotted and the ex- 
perimental mean disk measure established on the 
gradient (d). The mean diameter measure for the 
strip method is placed at the same dilution (s), and 
a line parallel to the disk gradient drawn through 
the strip point. The linear distance between the two 
gradients or the “disk unit conversion term” (f) 
is thus obtained by subtracting. 


The strip method diameter measures were 
converted to “disk units” by adding the “disk 
unit conversion terms” (Table I). Since 
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Table I. Strip method and disk method. Determination of standard deviations, ert 0 
of method and disk unit conversion terms, using readings for the standard strain 


(Staph. aureus 209-P). ° - | 
NN ee ES = 
0 os § B # > 
e g B eles legs , 
5 =) @» & o> | 38 52 XS 
3s i} be 8 easin || (teehee, Opes 
a = Om 4 LSPS) Corals oY 
eal ra a8 Gos |r 25 B 4 > 
Concentration&.....:2......5-- 0.1 mg 1.01-U2/ S10 20 y 20 y 50 ¥ 
Strip | Mean actual measurement of § 
inhibition inmm .........- 13.52 14.12 . | 12.84 12.41 11.62 13 2 
Standard deviation of actual ‘ 
INEASUITES aie ceeMate aids sc 1.3 1.0 1.0 1.0 1.4 1g } 
Brtor of method! ao 42 cise 9.6 7A 7.8 8.1 12.0 113 
Concentrations aa. <s emcee 2.4mg} 20.01.U.| 507 50 y 30 y 507 
Disk Mean diameter measure in mm 30.5 33.0 PGT 28.2 23.0 24. 
Standard deviation of diameter 
TITCASULES Vc Pere e se Le ce PU 5.3 1.8 se! 1.8 iy 
Error of method <2 6.00452... 8.9 10.0 8.3 6.0 7.8 74 
Strip | Mean actual measurement of 
inhibition in mm (a) ....... 13:52 14.12 12.84 12.41 11.62 13 
Strip | Mean diameter measure in mm 
(Adjusted: 2a—5=D.M.)... 22.0 23%2, 20.6 19.8 18.2 22. 
Disk Mean diameter measure in mm 30.5 33.0 2G. 28.2 23.0 24-.! 
Disk unit conversion term .... 8 10 1 8 5 0 
the concentrations for streptomycin were the Good correlation. .... =<+07 
same in both methods no conversion term Full correlation ..... = +1. 


should be added. 

For practical purposes the disk units ob- 
tained may be used for comparison of the 
two methods. It is understood by the author 
that theoretically there are other diffusion 
factors which might have been considered 
had it been feasible. 

After classifying the disk unit figures into 
Ericsson’s four sensitivity groups, the corre- 
lation coefficients for the six agents were 
computed and rated according to the follow- 
ing scale: 

Bad correlation =>+04 
Fairly good correlation = -+ 0.4 to+0.7 


These disk unit figures comprise Fi 


DISCUSSION 


The errors of the method are reason 
consistent for sulfathiazole, penicillin, ¢ 
tetracycline and oxytetracycline when 
strip and disk figures are compared. It 
case of the chloramphenicol, the lower 
centration in the strips may explair 
discrepancy; perhaps a higher initial 
centration of chloramphenicol could 
pensate this difference observed. 

On the whole the errors of the met 
compare favorably with each other 
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Aureomycin 277values 


Chloromycetin 
r=+0.78 


Streptomycin 271 values Sulfa drug 


r=*+O74 
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Strip 


Pyeh ia 
q 0 


267 values 


280 values 
r= +0.76 


Penicillin 


280 values Terramycin 2 80 values 


r=+O 73 


Fig. 3. Worksheet showing spread of values of 280 strains and correlation 
coefficients for the six antibiotic agents. 


zh the actual strip readings of inhibition 
onsiderably lower than those of the disk 
od. 

le correlation coefficients are ‘‘Good”’ 
all antibiotics except chloramphenicol, 
“Fairly Good” for this agent. This 
sr correlation, like the difference en- 
tered in the error of method for this 
iotic, may be ascribed to the afore- 
ioned cause. The inherent variations of 
method make it difficult to obtain a 
sr correlation and it is justified to say 
the methods have about the same re- 


ity. 


COMMENTS 
e two methods are similar in accuracy 
sensitivity. Synergism and antagonism 
pparent using either method, but may 
served with more acuracy with the strip 


method. Also the strip method has some 
practical advantages. Only one 10-cm plate 
is required to test a strain against 6 anti- 
biotics. Placing a single strip on a plate is 
considerably easier and quicker than hand- 
ling 6 separate disks for each determination. 
Since the readings are always made perpen- 
dicular to the strip, no time is necessary to 
judge the axis of greatest inhibition. 

As a routine technique, however, the pri- 
mary advantage of the strip method over the 
disk method is the possibility of using a stand- 
ard strain of known sensitivity for comparison 
purposes in each assay — whereby the test 
strain can be classified as “resistant”, “fairly 
sensitive” or “sensitive”. The standard strain 
also serves as a control of the intrinsic varia- 
tions in strips, media and technique usually 
encountered. The investigation did not utilize 
the standard strain as a reference strain, but 
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the author believes that the clinical need of 
such a method of sensitivity determination 
justifies its special mention. However, it is 
obvious that neither method can compensate 
for variations in inoculum size and intensity 
of growth. 


SUMMARY 

Two diffusion methods of estimating bac- 
terial sensitivity to antibiotics-have been com- 
pared. It is shown that the two methods are 
about equal with regard to sensitivity and 
accuracy. Some practical advantages for 
laboratory use of the strip method are 
mentioned. 
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» chemical pattern of the blood of nor- 
ifants and children has been the subject 
yeral investigations. However, in only 
rather limited parts of this field has 
umber of subjects examined been suf- 
t for results of statistical significance 
obtained. Still less information is avail- 
oncerning the correlation between the 
the child and the chemical composition 
: blood. 
serum electrolytes comprise one of 
elds which have received little attention 
> child. Yet, due to their clinical im- 
ice, it would be of value to know the 
atration and standard deviation of 
n, potassium and chloride in the serum 
healthy child. Further, a study of how 
yrmal mean values change as the child 
yps would be of ontogenetic and physio- 
| interest. 
» reason why these figures have not 
sufficiently studied is probably that 
- methods of analysis were laborious 
quired comparatively large amounts of 
These difficulties have now been 
yme by the introduction of micro-titri- 
-and flame-photometric methods. 


> 


1e investigation was aided by grants from 
earch allowances of the City of Stockholm. 
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This paper presents flame-photometric 
analyses of sodium, potassium.and calcium 
and micro-titration of chloride in serum 
obtained from 276 apparently healthy child- 
ren and infants, newborn and up to the age 
of six years. The results have been statistic- 
ally treated. 

It would have been of interest to widen 
the investigation to include several other 
serum concentrations such as bicarbonate, 
magnesium, etc. However, as it was impos- 
sible to take larger quantity of blood from 
the small children, we had to confine our- 
selves to a few determinations, and to the 
study of protein fractions and serum chol- 
esterol described in the following paper. 


MATERIAL 


All the newborn babies were from the maternity 
wards of St. Erik’s Hospital. They were all full- 
term. The other children were from different in- 
fants’ and children’s welfare centres belonging to 
the community of Stockholm. All the subjects were 
examined by pediatricians, and samples were taken 
only from infants and children who were considered 
to be in good health. We are aware of the pos- 
sibility that a disease may have escaped detection 
in a few cases. 

In order to obtain results which would be suit- 
able for statistical analysis, we decided to fix in 
advance the age-groups from which samples wou'd 
be taken. Nevertheless, when the investigation was 
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Table I. Highest and lowest aberrations from the intended age of the groups m 
material. 


Intend. age .. 
Days above .. 
Days below .. 0 18 16 | 


completed it turned out that in a few of the groups 
some of the results were insufficient for statistical 
treatment, and in some other small groups the 
standard deviations became comparatively high. 

In fixing the age groups, the following factors 
were taken into account: the growth and develop- 
ment of normal infants and children; the incidence 
of the usual infections, and the degree of resistance 
to infection which is present at various ages; and 
the changes in the diet as the child grows older. 

The age-groups chosen were: the first week of 
life, three, six, nine, twelve and eighteen months, 
and three and six years. Table I shows the maxi- 
mum aberrations from the chosen ages which ocur- 
red in the material. It should be pointed out that 
very few of the subjects reached these extremes; 
nearly all were within a few days (in the case of 
those aged up to 12 months) or a few weeks (in the 
case of the older children) of the intended age. 
The sex of the children was not taken into account; 
boys and girls were present in about equal numbers. 

For comparison, and as a control on the methods, 
serum from a number of healthy adults (students 
and laboratory staff) was examined in the same 
manner and by the same technicians. 


THE TAKING OF BLOOD SAMPLES 


In infants of an age up to twelve months the 
blood was taken by pricking one of the great toes 
with a sharp lancet. The sample was used only if 
the blood ran amply from the wound. About 2 ml 
was collected in a small Ellerman tube. From the 
older children the blood was taken by pricking a 
finger tip, and collected in the same manner. The 
blood was immediately brought to the laboratory 
and centrifuged, and the serum was decanted with- 
out delay. 


All samples showing even a trace of visible hemo- 


lysis, clotting or opacity were discarded. Because 
of that we had to reject a great number of samples, 


especially from the newborn infants. The ane 
were carried out on the same or the following d 

We realise that venous or arterial blood 
have been preferable. However, out of considerat 
for the children, their parents, and the pers« 
we restricted ourselves to arteriolar blood obt 
by pricking. 


ANALYTICAL METHODS 


Sodium, potassium, calcium: Weichselh 
Varney flame-photometer according to the 
facturer’s instructions. 

Chloride: Brun’s modification of the 
of Schales & Schales (1949). 

All analyses were carried out in duplicate. 


STATISTICAL METHODS 


The statistical calculations were carried ow 
cording to current methods. ; 

We have calculated with a confidence of 9 
cent and with a p-value of 90 per cent. (90 per 
of normal values will fall within the calct 
limits, and the chances are 95 per cent that 
limits are valid). 

We have had the following conditions for § 
ficance of differences: — 


lab 
p> 0.05 no significance 
0.05 >p>0.01 probably significant - 
0.01 > p > 0.001 significant 
0.001 > p highly significant “ 


where p is the probability that the difference 
random result. 

If the figures for the mean values plotted ag 
age did not appear to form a curved line, the 
tion of the regression line in the form: 


y=bx+k 


was calculated according to the method of 
squares. 
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as 


le Il. The results of the analysis of Na, K, Ca and Cl in serum from healthy 
ts. Concentrations are given in milliequivalents per liter serum; n = number of 
cts examined, x= mean value, s = standard deviation, ex = standard error of 

i mean, m = months, y = years. 


95 22, 


x | 139.29 | 135.13 | 133.74 | 133.48 
s 666) 783 |, 6.501 7.61 
ex 0.89] 1.56] 0.89] 1.29 
n | 95 12 43 32 
x 4.65 | 5.24] 5.04] 5.03 
s 0.43 |" 047 | 6.59 | -0.51 
ex 0.04] 014] 0.09} 0.09 
n : ret wed tes: 21 
x = 12.04] 11.30] 11.54 
s 3 C200) O23) O77 
ex : 0.39.1) 024) 0.17 
n | 95 20 57 34 
x | 107.70 | 113.55 | 108.76 | 108.59 
45.23 | 1418 1 12,95 
ex WSS SSF io ni, 88a|' 2,22 


s | 8.14 


significance of the slope of the regression 
; calculated by analysis of variance. 
statistical treatment of the results has been 
out by Dr. Staffan Ekblom of the Statistical 
h Group of the University of Stockholm. 


RESULTS 


mean values of the results of analyses 

ywn in Table II. In only four of the 
of infants was the number of calcium 
sufficient for statistical treatment. 

e III shows the limits within which 
cent of the normal values will fall 
confidence of 95 per cent. As our 

1 groups of three- and six-year-old 


27 15 
135.00 | 136.00 
10.65 | 5.56 
2.05 | 1.43 
24 13 
48a | 472 
0.48 | 0.59 
0.09 | 0.16 
10 6 
11.66 
1.06\" —~ 
Ogsel ws 
26 | 16 
107.77 | 103.54 
13.50] 16.51 
2.65| 4.63 


11 
132.65 
7.00 
2.09 


10 
4.16 
0.84 
0.26 


3 


dit 
101.14 
9.34 
2.83 


6y 


13 
129.48 
5226 
1.43 


12 
4.23 
0.51 
0.15 


4 


13 
103.37 
9.69 
2.65. 


Adults 


men 


women 


31 30 
131.63 | 130.03 
SAG | kot 
0.98 | 0.94 

etal ehh 
4.28 | 4.54 
0.35 | 0.49 
0.06 | 0.09 

31 30 
10.30 | 10.01 
0.72 | 0.50 
0.13 | 0.09 

30 

102.97 

2.54 
Le here OG ee 


children were precariously small we have put 
these two together in this table. This seemed 
justifiable as the results from the two grcups 
were very similar. 


As we found obvious differences between 


age groups for some mean values, the re- 


gression was examined. It was considered 
probable that the changes in the chemical 
pattern would be most pronounced shortly 
after birth. Therefore we have compared the 
newborn babies with the infants of three 
months, and the latter with the children six 
years of age. Finally, the six-year-old child- 
ren have been compared with the adults. The 
results are shown in Table IV. 
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Table III. The limits within which 90 per cent of the results from normal subjects 
be found with a confidence of 95 per cent, provided the same methods are used, an 
with reservation for deviations due to race, climate, etc. 
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Na | Upper limit..... 154.6 150.7 
Lower limit..... 122.0 117.5 
K Upper limit..... 5.46 6.48 
Lower limit..... 3.84 3.99 
Ga Upper nut. >. - = - 
Lower limit..... - - 
Cl Upper limit..... 109.2 148.7 
Lower limit..... 106.2 78.4 


145.7 148.4 157.2 144.2 
NEY, 116.6 110.8 TT527 
6.25 6.11 5.90 5.69 
3.84 3.95 S73 2.69 
13.99 13.30 - - 
8.61 9.78 - - 
136.7 135.8 137.4 121.0 
80.9 81.4 78.2 80.9 


We found a significant increase in the 
serum potassium between birth and the age 
of three months, and a subsequent slow de- 
crease back to a mean value which was below 
that of the newborn infants and similar to 
the adult value. The first increase and the 
subsequent decrease are highly significant. 
The chloride values followed a course very 
similar to the potassium values. At the ‘age 
of 18 months the mean value was within the 
normal range for adults. The deviations were 
very high for the chloride figures, and the 
differences are only probably significant but 


the slope of the regression line is higt 
significant. 
The sodium values followed anott 
course. With the exception of a slight t 
dency to recovery at the ages of 12 and 
months, they fell from birth to six years 
age. This decrease was steepest during 
first three months but it was never m 
than “probably significant”. . 
The calcium values were too few for 
culation of regression. Mean values we 
calculated for the ages of three, six, nine al 
twelve months only. The mean at thr 
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mnths was higher than that in the older 
ildren. Otherwise the respective means 
peared to be rather similar and they did 
tt seem to be very different from the mean 
r adults. 


DISCUSSION 


In some of the groups (K — three years, 
a — twelve months, Cl — three months) 
e standard deviation was remarkably high 
id in all the groups it was higher than that 
the adults. This is not surprising as each 
e-group may consist of children at quite 
fferent stages of development. Thus the 
aterial in each group must have been much 
ss homogeneous than a group of adults. This 
‘planation is supported by the fact that the 
andard deviations were comparatively low 
the newborn babies, who can be considered 
a relatively homogeneous group. At the 
re of three months the deviations were very 
gh, but at six years they again approached 
e deviation in the adults. 

We cannot completely exclude the possi- 
lity that in a few cases a very slight hemo- 
sis may have escaped our observation. If 
is has occurred it may have increased the 
ean potassium concentration slightly, due 
| the high potassium concentration in the 
ythrocytes, but it may also have increased 
e standard deviation considerably. On the 
her hand it is not likely that a slight degree 
: hemolysis would be of much influence on 
e chloride figures, and its influence on the 
dium values must be very small. 

There is a pitfall in our comparison be- 
veen the results from the children and those 
om adults. The adults’ blood was taken by 
snipuncture while the children’s blood was 


mc 


1505 


140 
130 + 
0 6 12 18months 3years 6years adults 


AGE 


Fig. 1. The mean values for serum sodium concen- 
tration in milliequivalents per liter. The vertical 
lines represent the limits for a confidence 
of 95 per cent. 


from prick-wounds. This may have incurred 
some difference. 

In spite of the comparatively high standard 
deviations and of the fact that the age of a 
child does not necessarily correspond to its 
state of development, the results make it 
possible to follow the course of the electro- 
lyte pattern of the serum during the progress 
of growth. The figures in Table II show that 
at the age of three years the concentration of 
sodium, potassium and chloride had reached 
normal values for adults. 

At birth the concentration of sodium, 
potassium and chloride was above that of 
the adults. Potassium and chloride rose still 
more during the first three months of life. 
After that they decreased slowly until at the 
age of three years they had reached the adult 
level. The sodium concentration, on the other 
hand, did not show any initial increase. At 
the age of three years it had decreased to the 
adult value. The courses are demonstrated in 
Fig.s 1, 2 and 3. These figures also include 
the regressions lines between three and 
eighteen months, calculated by the method 
of least squares. The few means for calcium 
are not illustrated. 


ses ee an 
6years adults 


0 6 12 18months 3years 
AGE 


Fig. 2. The mean values for serum potassium con- 
centration. Legend as for Fig. 1. 


Table IV shows the statistical significance 
of some of the found differences. We have 
chosen to examine three differences for each 
electrolyte (except calcium), namely 1) be- 
tween the newborn and the infants three 
months old, 2) between the latter and the 
children of three and six years of age 
counted as one group, and finally 3) between 
this pooled group and the adults. We selected 
the first difference because the first three 
months of life involve the most dramatic 
part of the development of the infant. The 
second difference was chosen as represent- 
ing the difference between serum composi- 
tion in infancy and in childhood — the latter 
being similar to that of the adults. As this 
level was reached at the age of three years 
and as it was practically the same at six 
years, these two: groups were treated as one 
in the calculation of differences. 

Gottfried, Bogin & Levycky (1954) ana- 
lyzed serum from 35 normal full-term new- 
born infants and found sodium and chloride 
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0 6 12 18months 3years 
AGE 


Fig. 3. The mean values for serum chloride cor 
centration. Legend as for Fig. 1. : 
concentrations still higher than ours. The 
did not determine potassium and calciun 
and they made no comparison betwee 
children of different ages. Rada (1955 
determined sodium and potassium in serut 
from normal children aged up to one yea 
He compared infants one to six months ol 
with those aged 6 to 12 months. For bot 
ions the concentration was higher in the fir 
group than in the second. For sodium 
difference was negligible; for potassium ~ 
was considerable — from 5.19 to 4.80. Th 
results presented here confirm those of th 
authors mentioned. q 
At the present we cannot explain why th 
electrolyte concentrations are high at birt 
They are not increased in the parturiet 
woman. The high and increasing potassiu 
figures might be explairied by the fact thi 
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4man milk is rich in potassium and poor 
sodium; on the other hand the milk is 
yor in chloride too, and yet chloride shows 
€ same course as potassium. All other at- 
mpts at an explanation would be mere 
1esswork. It may be observed that the most 
vious changes in this material, those for 
_and Cl, occur at the age of three months 
id three years — not at the same time when 
ost infants are weaned, nor when they start 
walk. 
Corsa, Gribetz, Cook & Talbot (1956) 
termined the total sodium and potassium 
infants by means of radioisotopes. They 
und that up to an age of eighteen months 
e total sodium of the infants was below 
at of the adult while total potassium had 
e adult value already at birth (when cal- 
lated per kg body weight). 
According to Josephson & Dahlberg 
(952), serum sodium and chloride concen- 
ation continues to decrease throughout life 
hile potassium is nearly stable. The investi- 
ition of Josephson & Dahlberg was carried 
it with methods now abandoned and there- 
re their mean values are not to be com- 
ired with the ones presented here. How- 
rer, it seems as if the decrease has already 
gun at the age of three months. 
Calcium was not determined in the blood 
om the newborn infants. At the age of 
ree months it was definitely above the nor- 
al level, but at six months the average was 
ready 11.30. It stayed near this figure up 
twelve months. It was not examined in 
der children. It is generally considered that 
rum calcium is a little higher in infancy 
an in the adult and that it reaches the adult 
Jue during adolescence. This is confirmed 


by our small material. Even the mean values 
from children three and six years of age 
were above what we found in adults. 

The limits given in Table III may be of 
some practical value to the clinician as 90 
per cent of normal values will fall within 
them. 


SUMMARY 


The serum concentration of sodium, potas- 
sium, calcium and chloride was determined 
in normal infants and children of the follow- 
ing age groups: newborn, three, six, nine, 
twelve, and eighteen months, and three and 
six years. 

In the newborn infants the concentration 
of all three electrolytes was above that of 
normal adults. 

Potassium and chloride concentration in- 
creased steeply to the age of three months, 
but after that they decreased slowly until at 
the age of three years they reached the nor- 
mal values of adults. 

Sodium concentration decreased (with 
some insignificant interruptions) to reach 
the adult value at the age of six months. 

Calcium was determined only in the 
groups aged three, six, nine and twelve 
months. The mean was highest in the three 
months group but the values were too few 
for comparison of the means. 
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CHOLESTEROL CONCENTRATION IN THE SERUM 
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In the preceding paper (Gyllensward & 
ysephson, 1956) we have pointed out the 
arcity of data on the chemical composition 
the blood of normal children. 

The pattern of serum protein fractions has 
en. more carefully examined than other 
rum constituents of the infant, but there is 
ill a lack of systematic investigation of how 
is pattern changes with the age of the 
ild. This paper presents an attempt to fill 
this gap. At the same time the serum 
iolesterol has been determined as it is an- 
her organic serum constituent of interest 
connection with the proteins. Thymol tur- 
dity tests were also performed. The mate- 
al was normal infants from one day old 
id up to an age of six years. 

These determinations were chosen not 
ily because they were of clinical and physio- 
gical interest but also because they could 
» carried out on very small quantities of 
rum. It would have been worth while to 
udy the concentration of several further 
mstituents such as lipids, urea, uric acid, 
eatinine, phosphatases, etc. However, it 
rned out to be difficult to obtain enough 


* The investigation was aided by grants from 
= research allowances of the City of Stockholm. 
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serum even for the determinations described 
here, and the other examinations have had 
to be postponed to a later study on new 
material. 


MATERIAL AND SAMPLE-TAKING 


The same blood samples were used as in the 
preceding paper (see Table I, Gyllensward & 
Josephson, 1957). 


ANALYTICAL METHODS 


Total serum proteins were determined by the 
biuret method, modified according to Josephson & 
Andurén (1949). The protein fractions were de- 
termined by paper electrophoresis, using the appa- 
ratus of Dettker & Andurén (1950), and the pro- 
teins were stained with Ponceau Red according to 
Rottger (1951). We did not use either of the com- 
mon methods of obtaining the electrophoresis re- 
sults, 7. e. cutting the paper strips into a great 
number of equal parts or reading the migration 
curve directly from the paper strip. We preferred 
to draw a fine pencil-line between the protein frac- 
tions and to cut them apart with a fine pair of scis- 
sors. With this method there is no difficulty in 
isolating the fractions as they are well separated 
from each other and have quite sharp boundaries. 
Each fraction was extracted with 0.02 N NaOH 
solution from its respective strip-part and read in a 
Beckman B photometer at 500 mu. 

The thymol turbidity test was carried out on 
0.05 ml serum according to Shank & Hoagland’s 
(1946) modification of MacLagan’s method. 


4 ; 
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Table I. The results of the analysis of total protein, protein fractions (separated by 
paper electrophoresis) and cholesterol in serum from healthy infants. Concentrations 
of total proteins are given in g and of cholesterol in mg per 100 ml. The protew 
fractions are reported as a percentage of the total protein. n= number of subjects ex 
amined, x= mean value, s= standard deviation, e= standard error of mean’ 

m = months, y = years. : 


Total protein (TP) | n | 92 21 51 33 28 16 11 13 28° 
gr per 100 ml x | 7416] (6.86 7.08) 7.08| 7.221. 746) 7-20) 07470 
s 0.96| 0.74] 0.74] 0.66] 0.75} 0.54] 0.70} 046] 04 
ex | 010] 0.16| 0.10} 0.12] 014) 0413) 0:21-) “o43))—iaem 
Albumin in per cent | n 58 23°. Bie} 34 +27 16 ain 13 30% 
of TP x | 65.56 | 61.49| 62.72] 60.70| 62.14] 62.44] 62.36] 61.88] 63.2 
s 3.18} 5.21). 5851 6.12] 600] 5.57}, 3:70) S00 
ex| 0.42| 1.09] 0.80] 1.05] 14.15] 14.39] 4.12] 9141) 0m 
o,-globulin n| 58 23 53 34 27 16 11 13 30. 
in percent of TP | x | 5.17|  6.08| 5,52] 5.711 © 5.31} 5.20) ~Si17)) S01 yume 
s 1.88 | ° 1.74] 1.79] 1.66| 1.544. 1.53 | 21.45)“ 4.00Rlianame 
ex} 0.25] 0.36} 0.25} 0.28] 0.30] 0.38| ~044) 10.28)/)0c0m 
atg-globulin n| 58 23 53 34 27 16 11 13 30 
in percent of TP] x | 7.13] 11.51] 11.90] 11.94] 11.48] 11.54] 10.75] 8.91] 67 
s 1.64] 2.65.) 2.52] 246] 238°) 2.90 | 2.779) 9 ei 
x| 0.21) 0.55] 0.35 | ©0421 0.46) ..0.73) 0.82) (0.450;—mmn 
@-globulin n| 58 23 53 34 27 16 11 13 30 
in percent of TP| x | 7.45] 10.33] 9.82] 10.86] 10.12] 10.09] 9.46] 9.94] 93 
s 2.12] 41.95] 1.89] 1.56} 2.05) 1.06 | 4:31400 1-36; 
ex| 0.28] 0.41] 0.26| 0.27] 040| 0.26 | 039) “Omg NeGE 
y-globulin n| 58 23 53 34 27 16 11 13 30 
in per cent of TP] x | 14.63] 10.59] 10.15 | 10.80} 10.89] 10.72 | 12.25] 14.27] 15.0 
s 2.23 | 3.37| 3.05 | 3.51} 3:09] 2861 4.4910 9) 5a 
ex| 0.29| 0.70} 0.42] ‘0.60] O59] 0.71) 0431 677°)" 00m 
Albumin/globulin | n | 57 23 53 34 27 16 11 13 30 | 
ratio ex| 1.93 1.65] 1.74 |.- 4.59} 91.68 1" S169 1° °21.65 eqs 
s 0.30} 0.39] 0.44] 044| 039] 039] 0.22] 042] 02 
ex|: 0.04] .0.08| 0.06] 0.08) 0.08] 0.10] 0.07| 012) 0 0m 
Cholesterol n| 79 17 46 31 26 10 8 11 30 
mg/100 ml x {191.3 >| 187-2" (1483:0) 19895 )o00.4 tore : 221.8 | 238.5 
so 51:0 44.8 54.5 41.3 49.5 47.8 - 41.4 43.5 
exa| Rubi T el etOS 8.0 7.4 yas bar Roam 12.5 7.9 


Cholesterol was determined on 0.2 ml serum ac- hands this method gives results coincident with { 
cording to Pearson, Stern & McGavack (1952), Bloor methods. 
with the modification that the color was read at All tests except the electrophoresis were carr 
its maximum, 625 my instead of 500 mu. In our out in duplicate. 
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able Il. Shank-Hoagland Units of thymol turbidity in serum from healthy infants. ° 
n = number of subjects examined. 


[he statistical methods were the same as in the 
seding paper. The statistical calculations were 
ried out by Dr. Staffan Ekblom of the Statis- 
1 Research Unit of the University of Stockholm. 


RESULTS 


[he number of subjects examined, the 
an values, standard deviations and stand- 
| errors are given in Tables I and II. 
Total serum proteins: the means for all 
groups were very similar. The means for 
the age groups were lower than the 
lult”’ value. 


Lbumin 
r cent of 
L_ protein 
7 


4 
0 6 12 18months 3years 6years adults 
AGE 


_1. The mean values of the percentage of serum 
min for different ages. The vertical lines 
resent the limits for a confidence of 95 per cent. 


Albumin (Fig. 1): the newborn infants 
had a mean value slightly above that for 
adults. After three months the albumin 
figures were already within the “adult” 
range and there they stayed. 

The a,-globulin (Fig. 2) started lower 
than “adult”, increased during the first three 
months of life and then returned slowly to 
adult concentration and lower in about one 


4 ,-globulin 
per cent of 
total protein 
70 


4 —— 
0 6 12 18months 3 years 6years adults 


AGE 


Fig. 2. The mean values of the percentage of 
ay-globulin. Legend as in Fig. 1. 
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d >-globulin 
per cent of 
total protein 

14 


12 
10 


8 
== 


6years adults 


6 
0 6 12 18months 3years 
AGE 


Fig. 3. The mean values of the percentage of 
a2-globulin. Legend as in Fig. 1. 


f-globulin 
per cent of 
total protein 


12 


6 Os 
0 6 12 18months 3years 6years adults 
AGE 


Fig. 4. The mean values of the percentage of 
B-globulin. Legend as in Fig. 1. 


to three years. The differences were only 
“probably significant’. 

The a,-globulin (Fig. 3) was normal at 
birth but increased considerably during three 
to six months. At the age of eighteen months 
ay started to decrease slowly, but at the age 
of six years it was still higher than in the 
adults. The differences between the mean 
concentration at birth and at the age of three 
months, and between three months and six 
years, were significant. 


The B-globulin (Fig. 4) started low, then 
increased to a comparatively high value, after 
which it went down slowly to reach the 
“adult” value at three years of age. 


y-globulin 

per cent of 

total protein 
16 


u 
0 6 12 18months 3years 6years odul 


AGE 


Fig. 5. The mean values of the percentage 
y-globulin. Legend as in Fig. 1. - 


The y-globulin (Fig. 5) followed a co 
quite opposite to that of the other globulir 
At birth the mean was similar to the me 
for adults, but already at the age of thr 
months it had decreased significantly. 
stayed on the new lower value until the a 
of eighteen months and then rose. At the a 
of six years it was still a little below t 
normal value for adults. : 

i 


ens 
The uum was higher at b 


months it had reached the adult value 
there it stayed practically constant. 
Thymol turbidity: As in the material 
Josephson & Dahlberg (1952) the distrit 
tion was rather skew. For that reason 
have not calculated the mean values but ; 
given all the results in Table II. It appe 
that at birth most children had a very | 
value, but at the age of three months 
distribution was already similar to that of 
adults. After that there was no signifi 
change. In the group of three year- 
children this reaction could be carried 
only on eight subjects. Hence. this grou 
not included in the table. Its distribution» 


globulin 
than in adults but already at the age of th 
é 
i 
: 
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lesterol 
9/100 mt 
270 


250: 
230 
210 


0 6 12 18months 3years 
AGE 


ae 
6years adults 


g. 6. The mean values of the serum cholesterol 

neentration for different ages. The dotted line 

the regression line between the ages of 6 and 
18 months. Legend otherwise as in Fig. 1. 


mal and similar to what Josephson & 
ahiberg found in adults. 

The serum cholesterol (Fig. 6) in all the 
oups had a mean below that of the adults. 
was low at birth and stayed low for nine 
onths, but at the age of twelve months it 
arted rising slowly and it continued to rise 
| the way up to the six-year group. The 
ree-year group was too small to be con- 
lered. However, the deviations were high 
d the differences are not significant. 

The differences and their significance are 
ven in Table III. 


DISCUSSION 


In contrast to most other serum consti- 
ents in infants and children, the total pro- 
in concentration and the concentration of 
e different protein fractions have been the 
bject of several investigations. As far as 
> have found, however, no systematic 
rvey of children of different ages has been 
blished — at least not on a group big 


enough for statistical significance. The main 
results of some of the most careful investiga- 
tions are summarized in Table IV. 

In Table V are given the limits within 
which 90 per cent of the values will turn out 
with a confidence of 95 per cent. Due to the 
high standard deviations most of the limits 
are surprisingly wide. One reason for this 
may be the limited number of subjects ex- 
amined. Another reason may be the highly 
varying degree of development in infants of 
the same age. 

Previous investigators generally found 
that newborn children had a low serum- 
protein concentration which increased rapidly 
with the age of the child. Our results are not 
in agreement with this. On the contrary, we 
found the value nearly constant in all the 
ages examined although the mean found in 
the children was definitely below that of the 
adult. It may be pointed out that all the 
children in our material were well nourished. 

The results found by previous investiga- 
tors on the partition of the protein fractions 
are conflicting (see Table IV); our values 
differed significantly with the age of the 
subjects. The albumin portion decreased 
during the first three months of life (from 
about 65 to about 62 per cent) but then it 
stayed constant. Calzolari & Orlandi (1955) 
found in a small material that serum albumin 
decreased appreciably during the first days 
of life. It seems possible that the newborn 
child has some circulating albumin trans- 
ferred from the placenta. After three months 
this surplus has disappeared. 

The a,-globulin did not show much varia- 
tion and had a value similar to the adult one 
in all the age groups. This was in contrast 
to the a,-globulin which at birth had a con- 
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: 
Table Ill. The difference and their significance between the mean values, 


for the newborn infants and children 3 months old, between children 3 months 
old and (3 +6) years old and between the latter ones and adults. The differences are| 


given in the same units in Table I. *** = highly significant, ** = significant, : ) 
ax = probably significant, O=no significance. : 
0-38 3m—3+6)y | (3+6) y—adults / 
— ‘ 
Diff. Signific.| Duff. Signific.| Diff. Signific. | 
| 
Total protein .. 0.300 0 —0.326 0 —0.510 i € 
Albumin ...... 4.07 he —0.613 0 —1.18 0 : 
o,-globulin .... 0.91 * 1.00 * —0.49 0 
ow-globulin .... | —4.38 sath 1.76 Ms 3.05 wahghd | 
B-globulin .... | —2.88 athe 0.61 0 0.34 0 4 
y-globulin .... 4.04 ct —2.75 iA —1.73 RS : 
A G ratios eer 0.279 tke —0.002 0 0.073 0 : 
Cholesterol .... 4.1 0 —34.8 = —16.5 0 ; 
i 


centration slightly above that of the adults 
but increased markedly during the first three 
months to a value nearly twice that of the 
adults. It stayed on this level until the age 
of three years, when it started going down. 
At the age of six years it had not yet reached 
the adult value. As acute infection is the 
most common cause of an elevated a,-con- 
centration in adults it is tempting to attribute 
the high values in the infants of three months 
and older to the relatively high frequency of 
acute infections in infants’ and children’s 
homes and centres. Such an elevation of a, 
may have persisted in spite of the fact that 
the subjects appeared healthy when the 
samples were taken. 

The @-globulin was low in the newborn 
infants, but in three months it increased to 
a value above that of the adults. At the age 
of eighteen months it still had the same con- 
centration, while at three years it had fallen 
to the adult level. The first increase was 
highly significant, the subsequent slow de- 


crease was not even “probably significant 
As the f-globulins consist to a large exter 
of lipo- and gluco-proteins, the low level i 
the newborn infants may be explained by 
deficient synthesis during fetal life. Afte 
three months the synthetic capacity (of th 
liver?) would be normal. 

The curve of development of the y- glob 
lins formed a mirror-image of that of the a 
At birth they had a concentration similar t 
that of the adults but already at three month 
they had decreased considerably and sign 
ficantly. An increase was not observed unt 
the three-year group, and at six years th 
adult concentration was reached. The reas 
for this behavior is obscure. As pointed 1 
by Korver (1953), the low values a 
in most of the infant groups are not far fro 
what is found in clinical cases of hypogan 
maglobulinemia, and this may be one e 
planation of the susceptibility of infants 
infections. Not until the age of six yea 
does the child seem to have “learned how : 


ot 
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Pable IV. Some published investigations on the concentration of protein fractions in 

rerum from normal infants. All are from small groups of material. In the first two 

references the concentration figures denote g per 100 ml, in the others per cent of total 
serum proteins. w= weeks, m = months, y = years. 


Author Year |: Albumin 


a,-globulin %_-globulin 6-globulin y-globulin 


Darrow 1933 birth 3.7 
& Cary infants 4.3 birth 1.8, infants 2.0 per cent increasing during childhood 
slowly increasing 
during childhood 
‘revorrow, | 1941/ birth 3.8 . 
Kaser, 42 3 months 4.7 birth 1.7, 2 months 1.3, 6 months 1.3, 4 years 2.0 
Patterson 6—12 months as 
& Hill adults 
Lubschez 1948 2—4 y 62 2—4 y 4.5 | 2-4 y 9.1 | 2—4 y14.3 | 2-4 y 7.2 
5—7 y57 5—7 y 5.2 | 5—7 y- 9.7 |, 5—7 y12.2 | 5—7 y11.0 
Knapp 1949 newb. 59 newb. 7.4 | newb. 7.7 | newb. 9.5 | newb. 13.0 
& Routh 6—4 w 62 6-—4 w 6.7 | 6—4 wi2.9 | 6—4 wi1.5 | 6—4 w 3.3 
2—4 y6l 2—4 y 6.3 | 2—4 y10.7 | 2—4 y11.3 | 2—4 y 7.2 
5—11 y 57 5—ily 6.2 | 5—ily 98 | 5—i1y12.0 | 5—ily 9.7 
Homolka 1955 newb. 54 MINE WiDecie) ey.ssaiersuns eeencone 13.5 newb. 22.5 newb. 11.0 
% Mydlil 3m 51 Simionths) esate reir s ee 14.5 3m 28:0 3m 6.1 
6m 57 Gumonthisig isnt ctote 14.1 6m 24.9 6m 4.4 
12m 49 Wimonths ees eee PEND) 12m 25.4 12m 4.4 
Calzolari 1955 newb. 62 irregular irregular newb. 7 newb. 23 
¢ Orlandi 8 days 51 8days 15 8days 18 
ternberg, 1956 newb. 51 newb. 3.6 | newb. 11.6 | newb. 14.5 | newb. 19.0 
Jagenais- 2m BH) 
Perusse 
Dreyfuss 


nthesise antibodies”. The high value at Grell, 1950; Homolka & Mydlil, 1955; Stern- 
th may be due to transfer of y-globulin berg, Dagenais-Perusse & Dreyfuss, 1956). 
9m the placenta. Calzolari & Orlandi (1955) found this reci- 
This reciprocal behavior af a, and B on procal behavior to occur already during the 
e side and y-globulins on the other has first week of life. 

en observed earlier on small groups of PERC tan the ratio alba ten 
terial by several investigators (Martin du globulin 

n & Moore, 1948; Knapp & Routh, 1949; at birth and reached the adult value at the 


B. JOSEPHSON AND C. GYLLENSWARD 


Motaliprotein 2... Upper 1. 8.98 8.55 
Lower 1. 5.34 5.16 
J NWeyubantvelonn or neo aC Upper 1. WMO || SiG 
Lower l. 59.32 | 49.81 
iey-ClObUIlIN & leer. Upper I. 8.86 9.99 
Lower I. 1.48 2.18 
%-globulin......... Upper 1. 10.29 17.46 
Lower I. S297, 5.56 
P-globulin 22 .....- Upper 1. 11.62 14.71 
Lower I. 3.29 5.95 
y-globulin ........ Upper 1. 19.01 18.15 
Lower 1. 10.25 3.03 
PNG TatlOuw aie eseye eee Upper 1. 2 2.53 
Lower I. dS 0.78 
Thymol-turbidity .. | Upper 1. 2 3 
Lower 1. 0) 0) 
Cholesterol ........ Upper |. | 288.7 | 294.7 
Lower 1. 94.0 79.7 


age of three months is partly due to the 
changes in the albumin concentration. The 
same explanation may be valid for the pre- 
ponderance of extremely low thymol-turbi- 
dity values in the newborn infants. 

Several investigators have found a low 
cholesterol value in newborn infants. Sperry 
(1936) found the concentration to increase 
already during the first days after birth. In 
the large material of Hodges, Sperry & 
Andersen (1943) the mean concentration did 
not change much between the ages of two 
months and fourteen years. Rafstedt (1935) 


ft 
8.55 8.48 8.85 | 8.47 8.45 8.75 
5.61 5.68 5.59 5.85 5.91 6.63 
- 

"74.33 | 73:55 | 75.20} 76.01.| (71.94 | Seen 

51.11 | 47.85 | 49.08 | 48.87] 52.26] 63.3 
7 
9.08 9.20 8.65 8.93 7.53 7.29 
1.96 2.22 1.96 1.47 2.63 3.87 
16.90 | 17.10] 16.66 | 18.61 | 14.93 8.00 
6.90 6.78 6.30 3.34 4.57 5.40 
13.57 | 14.14] 14.59] 12.69] 12.69 11.79 
6.06 Fhe 5.65 752 6.75 6.97 
16.20.) 18.47 be £7.62 | 017-68elee 1s 47 208 
4.10 3.43 4.16 3.76 8.21 9.8. 
2.62 Dist 2.54 2.63 2.39 2. 
0.86 0.67:| 0.82 0.74 0.97 1.28 
} 

4 4 4 3 4 6 
) 0 0 0 0 O- 
DOMES M7708 = 2 329.2. | 331.@ 
TS QIN AOU 2 . 114.8 | 145.4 


found a very low value in umbilical cor 
blood, but also in infants a few days old 
was much below adult value. i 
We too found the serum cholesterol to | 
low in the newborn infants and it stayed lo 
during the first year of life. From that ag 
it increased slowly. At the age of six year 
was still a little below the adult value. 7 
latter value is somewhat higher than the o 
usually given in the literature but <7 
the value, 239 mg per 100 ml, given 7 
Josephson & Dahlberg (1952). This may | 
due to the fact that the method employed 
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3 is not quite specific (Zak & Ressler,1955). 
nfortunately we did not discover this un- 
ecificity until a considerable part of the 
vestigation was completed. However, the 
ifferences are small, and the mean values 
tained may be compared with one another. 
he low cholesterol values found in the small 
fants may be due to the comparatively low 
10lesterol content of milk or to a defective 
1olesterol synthesis. 

In sum the results give the impression of 
defective protein and lipid formation in the 
ewborn infant. A great part of the y-glo- 
ulin (and perhaps some albumin) may be 
“godmother’s gift” from the placenta — a 
ift which is rapidly used up. Not until the 
ve of three to six years does the protein 
attern become identical with that of the 
dults. This hypothesis is supported by Berg- 
rand & Czar’s (1956) discovery of a spe- 
al protein fraction in serum from human 
stuses. However, this fraction was not ob- 
srved in the full-term babies of this ma- 
‘rial. A corresponding conclusion can be 
rawn for the development of the cholesterol. 
hus, it seems as if a defective synthesis 
uring infancy becomes “normalized” at the 
ze of three to six years. 


SUMMARY 


Total protein, protein fractions and chol- 
sterol were determined in serum from 265 
ealthy infants, newborn and up to an age 
f six years. 

Some statistically significant differences 
ere observed between the newborn infants 
ad those three months old. During these 
rst months of life albumin and y-globulin 


oe) 


decreased, while a,- and B-globulin increased. 
During childhood a; was much higher than 
in adulthood while y-globulin was much 
lower. 


Cholesterol concentration was low at birth 
but increased slowly up to six years of age. 


REFERENCES 


Bergstrand, C. G. & Czar, B.: Demonstration of a 
new protein fraction in serum from the human 
fetus. Scandinav. J. Clin. Lab. Investigation 8, 
174, 1956. 

Calzolari, G. & Orlandi, C.: Comportamento delle 
siero-proteine nel neonato sano. Riy. Italian. 
Ginecol. 38, 134, 1955. 

Darrow, D. & Cary, K.: The serum albumin and 
globulin of newborn premature and normal in- 
fants. J. Pediat. 3, 573, 1933. 

Dettker, A. & Andurén, H.: A time-saving easily- 
handled apparatus for paper electrophoresis. 
Scandinav. J. Clin. Lab. Investigation 6, 74, 
1950. 


Grell: | Ergebnisse elektrophoretischer Serum- 
proteinbestimmungen bei Feten und Neu- 
geborenen im Vergleich zum Erwachsenen. 


Zbl. £. Gynekologie 72, 1827, 1950. 

Gyllensward, C. & Josephson, B.: The development 
of the serum electrolyte concentration in nor- 
mal infants and children. Scandinav. J. Clin. 
Lab. Investigation 9, 21, 1957. 

Hodges, R., Sperry, W. & Andersen, D.: Serum 
cholesterol values for infants and children. 
Am. J. Dis. Child. 65, 858, 1943. 

Homolka, J. & Mydlil, V.: Blood proteins in in- 
fants from a quantitative and qualitative point 
of view. Amer. J. Pediat. 129, 129, 1955. 

Josephson, B. & Andurén, H.: A method for the 
colorimetric determination of total serum pro- 
teins and of serum albumin and globulin. Acta 
Pediat. 38, 335, 1949. 

Knapp, E. & Routh, J.: Electrophoretic studies 
of plasma proteins in normal children. Pedia- 
trics 4, 508, 1949. 

Korver, G.: Ergebnisse itber Gammahypoglobulin- 
Amie. Klin. Wehnschr. 31, 1036, 1953. 


Lubschez, R.: Immunologic and biochemical studies 
in infants and children with special reference 
to rheumatic fever. Pediatrics 2, 570, 1948. 

Martin du Pan, R. & Moore, D.: Les protéines du 
sérum chez le foetus et le nourrisson de moins 
dun an. Ann. Pediat. 171, 290, 1948. 

Metcoff, J. & Stare, F.: The physiologic and clin- 
ical significance of plasma proteins and protein 
metabolites. New England J. Med. 236, 26, 1947. 

Pearson, G. Stern, S. & McGavack, T.: Deter- 
mination of total cholesterol in serum. Anal. 
Chem. 25, 813, 1953. 

Rafstedt, S.: Studies on serum lipids and lipo- 
proteins in infancy and childhood. Acta Pediat. 
44, suppl. 102, 1955. 

Rottger, H.: Ein neues Farbeverfahren der Serum- 
Eiweissfraktionen bei der Papierelectrophorese. 
Naturwissenschaften 39, 451, 1951. 


B. JOSEPHSON AND C. GYLLENSWARD 


Schank, R. & Hoagland, C.: A modified meth 
for the quantitative determination of the 1 
mol turbidity reaction of serum. J. Biol. Ch 
162, 133, 1946. 

Sperry, W.: Cholesterol content of the blood plas 
in the neonatal period. Am. J. Dis. Child. 51, 
1936. 

Sternberg, J., Dagenais-Perusse, P. & Dreyfuss, M. 
Serum proteins in parturient mother and n 
born. Canad. M. A. J. 74, 49, 1956. : 

Trevorrow, V., Kaser, M., Patterson, J. & Hill, R 
Plasma albumin, globulin and fibrinogen @ 
healthy individuals from birth to adulthood 
J. Lab. & Clin. Med. 27, 471, 1941/42. : 

Zak, B. & Ressler, N.: Methodology in determina- 
tion of cholesterol. Am. J. Clin. Path. 25, . 
1955. 


er ee ne mt Rana — Ae Al ye ny aw 


andinav. J. Clin. & Lab. Investigation 39—43, 9, 


1957. 


INORGANIC PHOSPHATE IN HUMAN ERYTHROCYTES! 


By O. E. SKAUG ann R. A. NATVIG 


From the Surgical Research Laboratories, Department of Surgery, Medical College 
of Virgina, Richmond, Virginia, U.S.A. 


(Received for publication June 30, 1956) 


INTRODUCTION 


The concentration of inorganic phosphate 
»;) in human erythrocytes is usually con- 
lered to be lower than plasma P; (Guest & 
vpoport, 1941). The values obtained by dif- 
rent authors, however, vary from 0 to well 
ove plasma P;. This will be apparent from 
ible I which represents a compilation of 
ta from different workers. The tabulated 
lues for erythrocyte P; have, where neces- 
ry, been recalculated to mg/100 ml P in 


Table I. Inorganic P in erythrocytes; 


erythrocytes. Most of the earlier work in this 
field was carried out'on whole blood. Recal- 
culation of these data is based upon an assu- 
med hematocrit of 45 per cent and plasma P; 
of 4 mg/100 ml. The listed values are con- 
sequently only approximations. 

The early methods for determination of in- 
organic P in biological material were rather 
unreliable. Proper consideration to keeping 
samples cold before the analytical procedure 
was almost generally neglected and has prob- 


compilation and recalculation of data from 


the literature. 


f. No. Method Data in reference Data recalculated to 
mg/100 ml P in red cells 
4 Bloor (1918) 1.5 — 2.6 mg/100 ml H;PO, in red cells 0.46— 0.82 
11 Fiske & Subbarow (1925) 3.1 mg/100 ml P in whole blood 2.0 
3 —)— 3.31— 5.03 mg/100 ml P in whole blood 2.5 — 6.3 
17 —)— 2.4 mg/100 ml P in red cells 2.4 
10 ee 2.52—11.58 mg/100 ml P in whole blood 0.7 —21.0 
15 —)— 0.60— 1.14 mM P/ 1 whole blood 0 — 2.96 
16 —)— 0.5 — 1.9 m. eq P/1 red cells 0.31— 1.18 
13 —)— 0.89 mM P/1 whole blood 12 
14 Berenblum & Chain (1938) 59.4/9.2 ug P/ml/red cells 5.9/0.9 


7  Gomori’s modification of 
Fiske & Subbarow (1925) 125 and 173 uM 


P/100 ml red cells 3.9 and 5.4 


Overall range: 0—21 mg/100 ml P 


This work was supported by Contract DA 
007-MD-435 with the Department of the Army, 
fice of the Surgeon General, Medical Research 
| Development Board, Washington, D. C., and by 


Contract H-1142 (C-5) with the Department of 
Health, Education, and Welfare, U. S. Public 
Health Service, National Institutes of Health, 
Bethesda, Maryland, U.S.A. 
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ably contributed to some of the high values. 
3y observing precautions to minimize hydro- 
lysis during the procedure, Buell (1923) cal- 
led attention to the possible absence of in- 
organic P in human erythrocytes. 

This paper presents the concentrations of 
inorganic P found in erythrocytes from 30 
healthy, adult individuals and discusses 
Berenblum & Chain’s method for determin- 
ation of inorganic phosphate (1938) as modi- 
fied by Martin & Doty (1949). 


MATERIALS AND METHODS 
Blood sampling. 


Heparinized blood obtained. by venipuncture was 
immediately cooled in tubes kept in ice water and 
centrifuged for 20 minutes at 2500 r.p.m. in a 
cold room (0O—4° C). Plasma and “buffy layer” 
were discarded. Two milliliters of the packed red 
cells were transferred to a 25 ml volumetric flask 
containing 5 ml ice-cold, 20 per cent trichloracetic 
acid (TCA). The pipet was rinsed in 10 ml ice- 
cold distilled water, the rinsings transferred to the 
flask, and volume made up with the cold TCA- 
solution. In some instances 5 ml of packed red 
cells and 50 ml flasks were used. Following vigo-~ 
rous shaking with glass beads for one minute, the 
flasks were left five minutes before filtration. 

The centrifuge available in the cold room limited 
the rotational speed to 2500 r.p.m. (1450 ¢). By 
dye-dilution technique, utilizing Evans blue dye 
(T-1824), it was found that under the conditions 
used, the packed red cells analyzed for phosphate 
contained between 10 and 13 per cent trapped 
plasma. 

In five instances packed red cells were wacked 
twice with equal amounts of ice-cold, isotonic saline 
in a cold room (0—4° C). The second washing was 
centrifuged for 20 minutes at 2500 r. p. m. to obtain 
a degree of packing comparable to the packed, un- 
washed cells. 


Determination of inorganic phosphate. 


Inorganic phosphate was determined by Beren- 
blum & Chains method adjusted as follows: 


Reagents. 


20 % NaOH 
1% paranitrophenol in abs. ethanol (indica 
5 N HeSOa 

Tsobutanol-benzene, equal amounts 

5 % ammonium molybdate 

Conc. H2S04/96 % ethanol: 32/968 (V/V) 
Stannous chloride stock solution: 10 g Sn 
-2H2O made up to 25 ml with conc. HCl. . 
freshly prepared 1 : 200 dilution of stock sol, ° 
distilled water was used in analysis. 


Procedure. } 


Five milliliters of TCA-filtrate in glass-sto; 
pered tubes were neutralized with sodium hydroxi 
and then made weakly acid (indicator colorles 
with a few drops of sulfuric acid. Five ml is 
butanol-benzene, 0.5 ml ammonium Bae 
0.5 ml sulfuric acid were added, stoppers ap 
and the tubes shaken for 20 seconds. The phe 
were allowed to separate. One ml of the isobut 
benzene phase was transferred to photometer tt 
by means of a calibrated Krogh pipet which 4 

e€ 3 


rinsed twice with sulfuric acid-ethanol. Fiv 
sulfuric acid-ethanol and 0.5 ml of freshly- 
stannous chloride dilution were added and the sl 
tions mixed. After 20 minutes, optical density a 
at 620 mu was read in a Coleman Jr. Spectt 
photometer. Under the conditions outlined, 
1,000 corresponded to 44.7 micrograms P. 


- 


Discussion of method. 


Most methods for determination of P in b 
logical material are based on the formation 
phosphomolybdic acid from inorganic P and sodit 
or ammonium molybdate. The phosphomolybdic al 
is reduced in an acid medium and a proportioi 
amount of “molybdenum blue’ formed and det 
mined by photometry. Various reducing agents he 
been used and the maximal color development 
tained in from 10 to 30 minutes. During this ti 
hydrolysis of organic phosphorus compounds n 
occur and give rise to incorrectly high Ps. Ber 
blum & Chain’s method reduces this possibile : 
siderably by extraction of the phosphomolybdic ¢ 
in isobutanol-benzene and removal of the inorg: 
phosphate within one minute after addition of f 
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tts to the sample, thus precluding further in- 
ase in P. due to cleavage of organic P-com- 
inds. Ernster, Zetterstrom & Lindberg (1949) 
re shown that even creatinephosphate can be 
ermined by this method. With stannous chloride 
ximal color develops in 10 minutes and is stable 
-at least 12 hours. 

Analysis of wet digests of the isobutanol-benzene 
ise revealed that no phosphate was present in 
ess of the P. found. Thus no organic P-com- 
mds entered the isobutanol-benzene phase from 
od filtrate during the extraction. The presence 
organic P-compounds in the isobutanol-benzene 
use would seriously impair the reliability of the 
thod in radioisotope studies, since radioactive 
ay is usually carried out on this phase. 

The absence of excess molybdenum in the iso- 
anol-benzene phase minimizes possibility of spu- 
us reaction which occasionally occur with a 
ong reducing agent like stannous chloride. The 
thod is less susceptible to changes in acid con- 
itration than most other methods; 1—5 N HeSO. 
e the same analytical results. It has been cla’med 
rnster, Zetterstr6m & Lindberg, 1949) that large 
ounts of sulfate will disturb the reaction; this 
ud not be confirmed. On the other hand NHs 
s found to decrease the sensitivity of the method. 


RESULTS 


The mean value for P; in packed, un- 
ished erythrocytes from 30 healthy indi- 
duals (3 female, 27 male donors ; age 20— 
years) was 0.27 mg/100 ml. A statistical 
alysis of the data is given in Table IT. 
The optical densities ranged from .006 to 
3, corresponding to 0.07 to 0.43 mg/100 
-P. These low photometer readiags were 
finitely below the optimal range for the 
strument. Because of this, the values re- 
rded have been brought to the nearest 
_mg/100 ml. 

Washing of the erythrocytes was omitted 
the series presented in Table II, to avoid 
avage of labile phosphate during such a 


Table II. Mg/100 ml inorganic P in packed,. 
unwashed erythrocytes. 


No. of Range Mean S.D. Standard Coeff. 
donors error of var. 
30 0.1—04 0.27 0.11 0.02 40.6 


Table III. Mg/100 ml P; in unwashed and: 
washed, packed erythrocytes. 


Sample Mg/100 ml Pi in packed erythrocytes 
Unwashed Washed 
1 0.4 0.3 
2: 0.4 0.3 
3 0.4 0.1 
4 0.7 0.3 
5 0.7 0.2 


procedure. P; was determined in packed,. 
washed erythrocytes in five instances. The: 
results appear in Table III. The P; in the 
washed cells was consistently lower than in: 
the unwashed controls. 

When blood is allowed to clot at room 
temperature, a considerable increase in intra-- 
corpuscular P; occurs due to splitting of la-. 
bile phosphate esters. This subsequently leads. 
to increased serum P;. Plasma P; was deter- 
mined as soon as possible on heparinized, 
cooled blood. Two aliquots of the same blood’ 
without heparin were left to clot for 7 or 
24 hours, one ina cold room (0—4°C) where- 
clotting proceeded very slowly, the other at 
room temperature (22° C). After the allotted 
time plasma was collected from the cold 
aliquot and coagulation allowed to proceed 
at room temperature. At the same time serum: 
from the other aliquot was collected. Deter- 
mination of P; was made simultaneously on- 
the two sera upon completion of the plasma. 
clotting. The results are given in Table 1 
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Table IV. Mg/100 ml P; in plasma and 
serum. Plasma P; determined immediately 
following sampling. Serum P; after leaving 
blood samples in cold room (0O—4°C) and at 
room temperature (22°C) for 7 or 24 hours. 


‘Time lapse before Plasma Pj Serum Pi Serum Pi 
separation of 0—4° C PPLE: 
serum from 
red cells 
i hrs: 2.8 3.0 SEZ 
» 24 » D2 2.8 == 
Deanrs: 3.1 3.4 3.6 
» 24 » 2.8 37 3.8 


Compared with the immediately obtained 
plasma P; values, the results show that even 
the stay in the cold room caused an increase 
in serum P;. This increase was more pro- 
nounced in samples left at room temperature. 


DISCUSSION 


Correct values for P; in red cells are dif- 
ficult to obtain. The values for unwashed 
red cells presented in Table II include the 
P; in trapped plasma. Assuming a plasma 
P; of 3 mg/100 ml, the 10—13 milliliter of 
plasma trapped in 100 milliliter of red cells, 
would contribute 0.30—0.39 mg to the re- 
corded red cell P; concentrations. This ac- 
counts for all the P; found in red cells. 

Whether the P; found in washed red cells 
represents true P; in red cells or derives 
from hydrolytic cleavage of organic P-esters 
during the washing procedure is not known. 
It is evident, however, that the concentration 
of P; in red cells must be extremely low. 

Rapid performance of the phosphate ana- 
lysis in the cold can hardly be over-empha- 
sized. The slightest deviation from this rule 
invariably yielded higher values for P, than 
‘when it was strictly followed. 


The precaution of keeping samples ¢o 
is also of importance for serum P, dete 
minations. During the time-lapse require 
for blood to clot at room temperature, Pj: 
the red cells increases and leads to increas 
serum P; as a result of leakage from # 
red cells. 

Correct values for true intracorpuscul, 
P; are of paramount importance in pho 
phate turnover-studies with radioactive pho 
phate. Any cleavage of organic phosphor 
compounds during the separation procedu 
will result in falsely high P,. Consequentl 
the specific activities obtained, both for | 
and the partly-hydrolysed phosphate ester 
will be misleading. | ; 


SUMMARY } 

1. A discussion of the methods used ft 
determination of inorganic phosphate in r 
cells is presented. The importance of ir 
mediate cooling of the blood and of centt 
fuging and protein precipitation in the co 
is stressed. 
2. The mean P; concentration in packe 
unwashed erythrocytes from 30 healthy, adt 
individuals was 0.27 mg/100 ml (+ 0.11 
the range 0.1—0.4 mg/100 ml. The P; 
trapped plasma contributed most of th 
value. 
3. The results are discussed in relat 
to P82 turnover studies in erythrocytes, | 
well as to serum P; concentrations. 
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PHOSPHATE UPTAKE AND GLYCOLYSIS 
IN HUMAN ERYTHROCYTES HEATED IN VITRO! 


/ 
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INTRODUCTION 


Severe burns in humans and animals, as 
well as in vitro heating of blood, cause frag- 
mentation, microspherocytosis, increased os- 
motic and mechanical fragilities of the red 
cells (Brown 1946; Shen, Ham & Fleming, 
1943; Ham, Shen, Fleming & Castle, 1948; 
Isaacs, Brock & Minot, 1925; Ponder, 1949; 
Schubothe & Gross, 1953; Cooray & De, 
1949) and a concomitant loss of potassium 
(McLean, Moritz & Roos, 1947). There is 
a marked reduction in oxygen consumption 
and anaerobic glycolysis in nucleated (avian) 
erythrocytes after prolonged heating (Hun- 
ter & Pahigan, 1940). Jn vivo the damaged 
red cells disappear rapidly from the circula- 
tion as a result of hemolysis (Brown, 1946; 
Ham e¢ al., 1948; Moore, Peacock, Blake'y 
& Cope, 1946; Jones, Alpen & Davis, 1956). 

Previous workers have found tempera- 
tures ranging from 48° to 52° C as the cri- 


1 This work was supported by Contract H-1142 
(C-4) with the Department of Health, Education, 
and Welfare, U. S. Public Health Service, National 
Institutes of Health, Bethesda, Maryland, and by 
Contract DA 49-007-MD-435 with the Department 
of the Army, Office of the Surgeon General, Me- 
dical Research and Development Board, Wash- 
ington, D. C. 


tical level for red cell damage following he 
exposure in vitro. 

In the present study human blood wai 
heated in vitro for three minutes at tempera 
tures ranging from 48° to 55° C to evaluat 
the effect of heat on uptake of radiophos 
phate by the red cells, and the distribution 
of intracorpuscular acid-soluble pe 
compounds. Some observations on glucos 
utilization by heated red cells are include 


je 


METHODS 


Freshly drawn, heparinized venous blood sampil 
from healthy subjects were divided in two equ 
portions. One was heated for three minutes at 
51°, 53°, or 55° C, the other observed as control, 
samples were kept in ice water except during t 
heating procedure. Rapid heating of the exper 
mental sample to 1° C below the final temperatt 
was achieved with vigorous stirring in a sm 
waterbath with a temperature approximately 10° 
above the final temperature for the sample. Up 
transfer to a constant temperature waterbath, t 
desired temperature was reached quickly and mai 
tained (+ 0.02° C) for three minutes. The sam 
was then immersed in ice water and cooled to t 


i 
temperature of the control. . 


Incubation with P®?*, 
milliliter of blood, was carried out under constai 


{ 


15—30 microcuries pi 


* Obtained from Abbott Laboratories, O: 
Ridge, Tenn. ( 
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Using for four hours at 37° C in atmospheric air. 
attempts were made to ensure sterility. 

P%? uptake: Aliquots for assay of radioactivity 
1 hematocrit determinations were obtained at the 
zinning and at hourly intervals during the in- 
yation. Counting of radioactivity was performed 
a well-type beta counter. Enough counts to secure 
probable counting error of less than 1 per cent 
re obtained. 

Although the white cells are actively metabolis- 


Counts/min./ml whole blood — counts/min./ml plasma < 


ing elements of blood, it has been shown that their 
contribution to the total P®2 uptake in blood cells 
is negligible (Gourley & Gemmill 1950). In the 
present study the radioactivity of white cells and 
platelets has been disregarded and the difference 
between whole blood and plasma radioactivity con- 
sidered as red cell radioactivity. 

Calculation: Incorporation of P%2 into red cells 
in the hourly aliquots was calculated and related 


_ to whole blood radioactivity as follows: 


Counts/min./ml whole blood x 


ere the whole blood radioactivity represents the 
‘an of the activities at start and completion of 
> incubation. These were in good agreement. Hct. 
Mean of uncorrected hematocrits. 
This expression gives the uptake per 0.1 milli- 
er of red cells as percentage of the radioactivity 
1 milliliter of whole blod. A linear relationship 
tween uptake and time could not be established. 
owever, the uptake values expressed in the above 
uiner offered a convenient basis for comparison 
the control group with the groups of heated 
0d. 
Phosphate fractionation: Aliquots for  deter- 
nation of intracorpuscular acid-soluble phos- 
orus compounds were taken out following cooling 
the heated sample. The aliquots were centrifuged 
r 20 minutes at 2500 rpm. in a cold room 
—4°C), plasma and “buffer layer” discarded. 
1e phosphorus compounds in trichloracetic acid 
tracts of the packed red cells were frationated 
determination of P, (inorganic phosphate), P; 
erated after ten minutes and three hours hydro- 
sis with 1 N HCl on a boiling waterbath and in 
t-ashed extracts. P; was determined by the me- 
od of Berenblum & Chain (1938). 
Glucose determinations: Blood glucose was de- 
‘mined by the anthrone method (Zipp & Waldo, 
52) after precipitation of the proteins with 
1(OH)2(ZnSO4 + NaOH) on a boiling water- 
on, ° 


(100 — Het.) 
100 
x 100 x 0.1 
Het. 
100 
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P32 yptake in normal human erythrocytes. 

The mean P®? uptake after four hours of 
incubation of blood from 35 healthy donors 
was 15.7 per cent per 0.1 milliliter of packed 
red cells (standard deviation 1.0 per cent, 
standard error 0.17 per cent). The mean, 
hourly uptake values are plotted against time 
in Fig. 1 as per cent of the mean four-hour 
uptake (15.7 per cent). 

The results spread over a fairly wide 
range, which, however, becomes smaller with 
increasing time of incubation. At four hours 
the results exhibit a symmetrical frequency 
distribution with 74 per cent of obtained 
values within + 1 S.D. (standard deviation) 
and 91 per cent within +2 S.D. 

Plotting of four-hour uptake against he- 
matocrits revealed no correlation between 
these two variables within the hematocrit 
range, 39.5 to 51.6 per cent. 

P32 uptake in erythocytes from heated 
versus unheated blood. Groups of five or six 
individual blood samples were heated for 
three minutes at 48°, 51°, 53° and 55°C 
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Fig. 1. Uptake of P3? during 4 hours of incubation 
at 37°C by normal erythrocytes and by erythrocytes 
from blood heated for 3 minutes at 48,° 51°, 53° 
or 55° C. For unheated blood: 100 per cent = Mzan, 
normal 4-hour uptake (35 experiments). For heated 
blood: 100 per cent =4-hour uptake in the un- 
heated control for each sample. Means of 5 or 6 
experiments in each group plotted. 


respectively, and incubated simultaneously 
with unheated. control samples of the same 
blood. The phosphate uptake values obtained 
are recorded as percentage of the four-hour 
uptake in the control. The means for each 
group are plotted in Fig. 1 where the curve 
best fitting the four points actually deter- 
mined has been drawn. 

It is apparent that the incorporation of 
P32 into the erythrocytes of heated blood is 
reduced compared to normal. Except for the 
intersection of the curves for 51° and 53° C, 
the reduction increases with rising tempera- 
ture. Statistical analysis reveals that the re- 
duction is not significant in the 48° C group, 
although it was consistently found, or for 
the one-hour uptake in the remaining three 
groups (p>0.05). The other values ate 
significantly lower than normal (p < 0.01). 
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Heating of plasma only did not prodt 
this effect, whereas separately heated, pac 
red cells showed a reduction in P%? up 
upon resuspension in plasma and incubatior 
of the same magnitude as red cells fror 
heated whole blood. 

Addition of adenosine (six incubations 
to a final concentration of 2500 micromole 
per 100 milliliters of red cells (Gabrio, Her 
nessy, Thomassen & Finch, 1955) failed 4 
restore the P32 uptake of heated red cells t 
normal. On the contrary, in three of the si 
incubations with adenosine, a further dro 
in P22 uptake occurred. 

Acid-soluble phosphorus compounds 
heated and unheated red cells. In Table I th 
results of phosphate fractionation in trichlot 
acetic acid extracts of heated and unheatec 
packed red cells are given. The recorde 
values represent net P; in the fractions. — 

The heating did not alter the distributih 
pattern of the acid-soluble phosphorus frac 
tions in red cells to any great extent. 

Glucose utilization and esterification of P 
Blood glucose determinations and assay € 
radioactive P; and total acid-soluble P in re 
cells were performed at the onset and upo 
completion of the four-hour incubation ¢ 
control blood and blood heated for thr 
minutes at 55°C. The results appear 
Table IT. 

It is evident that glucose was utilized a 
radioactive orthophosphate esterified in t 
red cells subjected to a temperature of 55° 
although at a reduced rate, in three of f 
five experiments. 

In one instance the morphology of fr 
cells after heating for three minutes at 55° 
was studied in smears stained with Wrigh 
stain. The heating produced a fall in he 
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ible I. Phosphate-fractionation in TCA-extracts of packed red cells from unheated and 

ited blood. Net P in the fractions is recorded as microgram P per milliliter of packed red 

Is. For control red cells means — §.D., and range (in parenthesis) are listed. For heated 
red cells means and range (in parenthesis) are given. 


Treatment ‘Pai 10 min. 3 hrs. P not Total 


(No. of experiments) hydrolyzable P hydrolyzable P hydrolyzed acidsol. P 
in 3 hrs. 
Inheated controls (30) 2.7—1.1 68— 6 121— 19 268— 39 460— 53 
(1—4) (52—82) (74—151) (195—338) (356—543) 
48°C—3 min. (5) 1.6 64 108 245 433 
(1—3) (60—71) (70—126) (212—280) (382—468) 
51°C—3 min. (6) Lidl a2 114 235 425 
(i—3) (63—93) (87—154) (151—294) (300—482) 
53°C—3 min. (6) ie 68 122 272 442 
(1—3) (59—95) (74—154) (215—345) (356—482) — 
55°C—3 min. (6) 2 68 95 204 362 
(1—3) (48—97) (65—119) (157—273) (271459) 


ble 2. A: Glucose Utilization during 4 hours incubation at 37°C, and B: Specific activity 

®2/P as counts/min.[/microgram P) of organic acid-soluble phosphorus in red cells at the 

mning (0 hrs.) and end (4 hrs.) of 4 hours incubation of control blood and blood heated 
for 3 minutes at 55°C. 


B. Spec. act. (P*?/P) in organic acid-soluble 


A. Glucose Utilization 


phosphorus 
Mitta Toisas) oS. 
Me | | MgfarJi00 mi Blood | Meyherml red cells |.‘ ‘Conteal Heated 
Control Heated Control Heated 0 hrs. 4 hrs. 0 hrs. 4 hrs. 
1 10.8 8.5 0.27 0.27 — a = = 
2 10.3 8.8 0.23 0.24 210 1190 152 940 
3 13.8 9.0 0.30 0.21 148 1334 364 1221 
4 14.0 6.5 0.30 0.15 36 179 86 331 
5 15.0 9.8 0.31 0.25 413 1256 292 817 
rit from 42.7 per cent to 33.0 per cent. DISCUSSION” 
e red cells showed extensive budding ir- The observed reduction of P? uptake in 


ular fragmentation, anisocytosis with red cells from heated blood is probably 
isely stained microcytes and pale macro- caused by a direct thermal effect on the red 
ic “ghosts”. A number of the red cells cells. The greatest changes after heat ex- 
eared normal, however, retaining their posure presumably occur in the red ecils that 
coid shape and staining normally. No hemolyse. These changes escape detection in 
ntitation of these cells was made. The the present study. 

erved morphological changes remained The red cells that do not hemolyse, as re- 
entially the same during four hours of presented by the packed mass in the hemato- 
ubation at 37° C. crit. tubes, retain, to a considerable extent, 
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their ability to take up radiophosphate from _ 


the medium and to incorporate P22 into phos- 
phate esters. 

It has been shown (Isaacs et al., 1925) that 
immature red cells less readily undergo mor- 
phological changes than mature red cells at 
55° C. Considering the small number of im- 
mature cells in a normal red cell population, 
it appears unlikely that they alone could be 
responsible for the observed P3? uptake. 

It might be expectéd that subjection of red 
cells to heat would be inimical to their heat 
labile enzymes. 
of enzyme activity with “freezing” of intra- 
corpuscular phosphate fractions, and passive 
diffusion of P8? through an abnormally per- 
meable red cell membrane, might explain the 
observed pattern of cities Bees uate and 
P82 uptake. 

However, glucose utilization, although re- 
duced, proceeds, and inorganic. phosphate is 
esterified in red cells from heated blood. The 
observations suggest that glycolytic activity 
and phosphate uptake are interdependent 
processes also in the heated red cells and that 
the reduction in P®? uptake in these cells is 
an indication of decreased glycolytic activity. 

Reduction of glycolytic metabolism and a 
corresponding decline in energy available for 
preservation of red cell integrity, may ac- 
count for the earlier observations on mor- 
phological and viability changes in heated 
red cells. 

As red cell “ghosts” are unable to utilize 
glucose (Lionetti, Rees, Healey, Walker & 
Gibson, 1956), the observed glucose utiliza- 
tion must be attributed to red cells with some 
extent of retained glycolytic enzyme activity. 
Despite the presence of glycolytic activity 
post heating, irreversible damage is appar- 


- “storage lesion” of red cells (Gabrio et. 


Complete heat inactivation. 
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ently inflicted upon the red cells. Adenosin 
addition, in amounts known to reverse 1 
1955), failed to restore the phosphate upl@ k 
by | heated red cells to normal. This points t 
heat inactivation of the nucleoside phos 
phorylase as one possible consequence 0 
heating. 

Whether the observed glycolytic activit 
corresponds to preserved viability of son 
of the heated red cells is not known. Post 
transfusion survival studies on such cell 
must provide the ultimate answer concerr 
ing their viabiliay. 


! 


SUMMARY 


1. Human _ blood was heated for thre 
minutes at 48°, 51°, 53°, and 55° C. 
2. P32 uptake in the red cells during fou 


hours of incubation at 37° C was determine 


in heated and control blood. Intracorpusculk 
acid-soluble phosphates were fractionated h 
acid hydrolysis. 

3. The figures for P?? uptake in the 
cells after two, three and four hours of i 
cubation were lower than normal in of 
group of heated blood samples. The diffe 
ence was not statistically significant for 
group heated at 48° C. Adenosine additi 
did not restore to normal the reduced P 
uptake in heated red cells. The pattern of & 
tracorpuscular acid-soluble phosphate cof 
pounds was essentially unchanged af 
heating. 


4. In five experiments red cells fro 
blood heated for three minutes at 55° 
utilized glucose and incorporated P32 ir 
organic acid-soluble P-compourids, althou 
at a reduced rate compared to normal. 
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9. The results indicate that phosphate up- 
e and glycolytic activity are closely related 
o in heated red cells. 
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INFLUENCE OF pH 


ON THE BACTERIAL ADSORPTION OF FREE AND BOUND By 
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The capacity of certain bacteria to adsorb 
free, but not bound, vitamin B,, has been 
utilized for the assay of vitamin B,,-binding 
power. In a recent study on gastric juice 
(Grasbeck, 1956), the results of this method 
were found to correlate well with those of a 
dialysis method, provided the pH was close 
to neutral. However, if the pH was off this 
optimum, certain changes in the bacterial 
adsorption of the vitamin were observed, and 
a more detailed study of this phenomenon is 
reported in the following. 


MATERIAL AND METHODS 


The collection of gastric juice was done as in 
the previously quoted report (Grasbeck, 1956), with 
the exception that the juice was obtained from 
patients with no evidence of gastric disorder. Some 
juices were used acid a short time after collection, 
others were first pepsin-inactivated by alkalinization 
and then adjusted to pH 7. To the juice was added 
radioactive Co®-labeled vitamin By (“Merck”, 
specific activity 160 wc/mg) and the mixture was 
diluted with water in such a manner that 1 ml of 
the final dilution contained 50 mug of the radio- 
vitamin, most of which was in bound form (1. ¢., 
was not taken up by a bacterial suspension at pH 7). 
An aqueous solution of 50 mug radio-By» per ml 
was used as control. Before further use, the solu- 
tions were allowed to stand for 20 min. 

Bacterial Suspensions. Lactobacillus leichmann:i 
ATCC 4797 suspensions were prepared as in Gras- 
beck (1956). Two Escherichia coli strains E 35 


(Hoff-Jorgensen, Skouby & Gad Andresen, 1952 
and K7b (Levanto, 1954) were grown for thre 
days in the medium II described by Hoff-Jorgensen 


Skouby & Gad Andresen (1952), and the cells wer 


were washed three times with ice-cold physiologi 
saline before the final.suspension was made. T 
final saline suspension gave a reading of 450—5 
with a # 54 filter in a Klett-Summerson col 
meter with a water blank. 

Buffers. The desired pH was produced by add 
ing 0.1N NaOH to a mixture of 0.04 moles 0 
both acetic, boric and o-phosphoric acid, which ha 
been diluted to a volume of one liter. Irrespectiy 
of pH, this buffer was considered to be 0.12 mola 
For pH 1, 0.12N HCl was used. By adding wate 
to these ready-made buffers, new buffers of weake 
molarity could be produced. Stronger buffers wet 
made in an analogous way. ; 


: 


harvested by centrifugation. The harvested bacteri: 
% 


The usual technique consisted of preparing t 
series of test-tubes containing 8 ml buffer 
pH 1—8. To one series was added 1 ml of 
gastric juice — radiovitamin By solution, to t 
other series 1 ml of the aqueous solution 
radio-Bw. The tubes were sealed with paraffin fil 
(“Parafilm”’) and were. inverted a few times, the 
one ml of the bacterial suspension was added at 
the tubes were inverted again. If undiluted buff 
was used, the resulting molarity was -considered 
be = 0.1. After addition of L. leichmannii the a 
were centrifuged after 30 min., whereas the E. cc 
cells were given 60 min. for Byw-adsorption. Cent 
fugation was done for 20 min. at 2000 RPM. A fte 
wards the clear supernatants were quickly decant 
off; they were usually discarded, but were sav 
in a few instances for further study. | 
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ble. Experiment to elucidate whether 

leichmannii resting cells detach bound B,. 

m combination with binding principle, or 

dsorb the whole binding principle — 
B,3 complex at low pH. 


Radioactivity 
imple ++ 50 mug radio-B, (CPM) recovered 
(= 650+15 CPM) in resting cells 


after centrifugation 


pacer. PE 7 csi. ahs ewes 660-20 
"NSIT 0) fe It yee 540+ 10* 
itralized supernatant of 

seceding + new radio-B,» 650+3 
Bere juice, PH 7... 063.00 6 ; 45+5 
Bee yuice, DEEN 6 8. sys. 510+10* 
itralized supernatant of 

ceding + new radio-B,, 40+10 


N.B. slight inhibition of radio-Bi adsorption 
at pH 1. 


n contrast to the earlier technique, the recovered 
eria were not transferred to planchets, but were 
ated directly in the centrifuge tubes in a sc’n- 
tion counter. A tube with 50 mug radiovitamin 
Iry form on the bottom was used as standard. 


RESULTS 

n complete accordance with the findings 
Davis (1953), it was observed that L. 
hmannu took up Biz inefficiently at high 
’s (above 7). At low pH’s the uptake was 
icient, approaching 100 per cent in the 
ole acid range. In some experiments slight 
ibition at pH 1 was observed. Molarities 
ve 0.1 were found to inhibit the percent- 
uptake with increasing molarity. 

The uptake of B,, by the E. coli strains 
; never so efficient as that by L. leich- 
unui. In the best range, pH 6—8 (higher 
’s not investigated), the uptake was about 
per cent. The uptake declined rapidly at 
er pH’s. The exact pH range of the de- 


b 3 
ot 
ro) 


£.leichmenns * 
ATCC 4797 


aa tee See ) 


} 
\ Ecol K76 
} E.coli £35 


Rda0- B,, recovered im centrifuged resting cells 


Fig. 1. The influence of pH on the adsorption ot 
free and bound Bw by different bacteria. Molarity 
of the buffers=0.1. GJ —gastric juice 
(binding ‘principle present). 


cline varied somewhat in different experi- 
ments. Thus at an early stage the F. coli 
strains were found to be unsuitable for 
studying B,,-binding at low pH’s. 

The results suggest a difference in the 
mechanism of B,,-adsorption between L. 
lecithmanniui and E. coli. 


Uptake of “bound B,,” at low pH 


That vitamin Bw is still bound to gastric juice is 
evident, because bound vitamin cannot be dialyzed 
out at low pH’s, provided the binding principle is 
not broken down by autodigestion. The binding 
capacity is stable to exposure to pH 1—12 for at 


least 30 min. (Grasbeck, 1956). 


As is seen from Fig. 1, it was observed 
that “bound B,.”, which was unvailable to 
L. leichmannii at pH 5—/, was taken up by 
the bacterial suspension at lower pH’s. This 
phenomenon was studied numerous times in 
the presence of different amounts of binder. 
Even though the binding substance was pre- 
sent in amounts several times sufficient to 
make the vitamin completely unvailable to 
the bacteria at neutral pH, the bacteria were 
able to take up considerable amounts of the 
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vitamin at low pH’s. This was found to be 
true at molarities up to 0.15. The uptake of 
the bound vitamin by L. leichmannn at low 
pH’s could be demonstrated with the gastric 
juices, irrespective of whether the vitamin 
had been added to acid juice or to previously 
alkalinized neutral juice. 

Similar studies were made with the E. coli 
suspensions. As is seen from Fig. 1, the 
phenomenon described could not be repro- 
duced with these bacteria. 


Nature of the uptake of bound B,, 
at low pH 


Since it was possible that at low pH 
the bacterial suspension either detached the 
bound vitamin or adsorbed the whole bind- 
ing principle — vitamin B,,; complex, the 
following experiment was performed: A di- 
lution of gastric juice and radioactive B,,, 
in which most of the vitamin was unvailable 
to the bacteria at pH 7, was treated with the 
L. leichmannu suspension at pH 1, and the 
bulk of the radioactivity was recovered in 
the bacteria after centrifugation. The super- 
natant was neutralized, new radiovitamin 
was added, and the binding power was as- 
sayed at pH 7. As is seen from the table, 
the binding property at pH 7 persisted, and 
was of the same magnitude as before acidi- 
fication. Thus the bacterial suspension had 
detached the bound vitamin and not adsorbed 
the whole complex. 


DISCUSSION 
The “detachment phenomenon at low pH” 
deserves attention from some points of view: 
Firstly, it: may give a clue to the chemical 
nature of the binding phenomenon. Secondly, 


in order to obtain comparable results in B,. 
binding assay with the microbial adsorptic 
inhibition method and the dialysis methor 
one should operate close to neutral pH. fi 
is also desirable because autodigestion by 
“gastric protease” is largely inhibited :: 
pH 7. Thirdly, the phenomenon may hay 
some bearing on the observation that Castle 
intrinsic factor lacks hematopoietic activit 
at low pH (Castle, Heath, Strauss & Heinl 
1937, Cox, Ross & Ungley, cit. by Ungle 
1955). : 

It remains an open question whether 
detachment phenomenon is due to an i 
creased affinity for B,y in L. leichmannii 
to a decreased affinity for B,, in the bindir 
principle. 

SUMMARY : 

Lactobacillus leichmannii resting cells we 
found to adsorb about 100 per cent free B 
at pH 1—7, at higher pH’s the uptake dim’ 
ished. Two Escherichia coli strains adsorbs 
about 80 per cent free B,; at pH 6— 
whereas the adsorption was strongly inhi 
ited by low pH’s. With all the studied ba 
teria gastric juice inhibited the uptake | 
B,, at neutral pH; at low pH the bound vit 
min was detached from the binding pri 
ciple and taken up by the L. leichmannii ret 
ing cells. The latter phenomenon could n 
be demonstrated with E. coli. 
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It is well known that during normal 
pregnancy there is an increased excretion 
of most of the amino acids with the urine. 
Honda (1923) was the first to report in- 
creased amino acid excretion during preg- 
nancy, and later Voge (1929) and Kapeller- 
Adler (1933) confirmed this for histidine 
and proposed the determination of histidine 
in the urine as a pregnancy test. The studies 
of Lawrie (1947) indicated a rise in tyrosine 
excretion during pregnancy. Using micro- 
biological methods Wallraff, Brodie & Bor- 
den (1950) demonstrated a significantly in- 
creased excretion of histidine, tyrosine, 
phenylalanine, threonine 
and tryptophane, whereas the excretion of 
aspartic acid and lysine approached a signi- 
ficant level. Sheft & Oldham (1952) sup- 
plemented these investigations, finding in- 
creased excretion of methionine during the 
second half of pregnancy. Besides the amino 
acids mentioned, Miller, Ruttinger & Macy 
(1954) have found an increased excretion 
of valine, leucine and isoleucine during 
pregnancy. 

Page, Glendering, Digman & Harper 
(1954) have found increased histidine clear- 
ance during pregnancy after intravenous 
infusion of histidine. 


serine, arginine, 


As simultaneous quantitative analyses of 
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amino acids of plasma and urine in preg 
nancy have apparently not been made, apar 
from the investigations just mentioned, 
was found desirable to supplement previou 
research with such determinations. \ 
The present study has been confined t 
three healthy women in the 3rd—4th mont 
of pregnancy and three normal non-pregnan 
women. Our investigations show that a 
this time in pregnancy the clearances of 
considerable number of amino acids are ir 
creased (a-aminobutyric acid, arginine, glu 
tamic acid, glycine, histidine, leucine, lysine 
methionine, serine, threonine and tyrosine, 
The plasma levels of most of these amin 
acids were found to be moderately decrease 
during pregnancy. : 
MATERIALS AND METHODS 


Amino acid clearance determinations were ca 
ried out on 6 women, cf. Table I. The norm 
group (1, 2, 3) consisted of non-pregnant con 
with minor gynecological complaints. In none — 
the cases were essential pathological changes 0) 
served. The pregnant women (4, 5, 6) were | 
the 3rd—4th month of pregnancy. They present 
no symptoms of disease at the time of the clea 
ance determinations. During the last week befo 
the clearance determinations both groups w 
given the normal diet of the hospital and 7 
were kept in bed with permission to visit t 
lavatory and leave the bed to wash. | 


AMINO ACIDS IN BLOOD PLASMA AND URINE DURING PREGNANCY 55) 


Table I. Data for subjects investigated. 


Name Journal Age Height Weight Remarks 
No. years cm kg 
E.K.S. Gyn. 870/56 32 162 66.0 _— Sterilitas 
I.M.G. Gyn. 455/56 26 160 52.0  Erosio colli uteri 
G.E.A. Gyn. 597/56 34 162 53.5 Obs. pro salpingo-oophoritis chron. 
A.M.J. 191/56 35 169 63.0 Graviditas m. 3. Emesis, stopped 2 weeks be- 
fore clearance determination. 
es; I 342/56 35 161 57.6 Graviditas m. 3. Obs. pro abortus imm. No 
symptoms the last 10 days before clearance 
determination. 
Kok: H 350/56 32 162 69.5 Graviditas m. 4. Obs. pro fibroma uteri. 


Sollection and analysis of samples. At 7.30 a.m. 
fasting person drinks 500 ml of water. At 8 


ock a.m. the urinary bladder is emptied by | 


1eterization and the catheter is laid a@ demeure 
closed. At 12 o'clock the bladder is emptied 
in, and the urine is collected. The bladder is 
1 washed with about 50 ml distilled water which 
ollected separately. At 10 a.m. a blood specimen 
lrawn from the cubital vein. For each sample 
) ml blood 5 mg heparine is added. The diuresis 
the clearance period was computed by means 
nitrogen determinations on urine and wash 
er. 

The ion exchange chromatography method (pre- 
ation of the resins and buffers and the elution 
nique) of Moore & Stein (1954a) was used 
the determination of amino acids. In some 
iminary experiments we tried different degrees 
cross-linkings of the cation exchange resin 
vex AG 50, but finally used a mixture of equal 
ss of the 5 per cent and the 4 per cent cross- 
ed resins X5 and X4. Fractions of about 1 ml 
obtained by a Hossli drop-counting fraction 
ector. The ninhydrin reagent used is stored 
1 black glass bottle under Ne-atmosphere and 
repared according to the method described by 
xre & Stein (1954b). For each fraction 0.75 ml 
ydrin reagent is used. Before readings in the 
kmanm spectrophotometer (proline at 440 my, 
other amino acids at 570 mu) 5 ml ethanol- 
sr = 50:50 were added. In the range of glycine- 
ine and of histidine in the urine chromatograms 
fas necessary to prepare dilutions with citrate 
ers in order to keep within the range of pro- 


portionality between amino acid concentration and 
color development. 

Between 15 and 20 ml acidified urine were 
usually used for each chromatogram, Stein (1953). 
The blood samples were centrifuged, and the resul- 
ting plasma was treated with an equal volume 
of 10 per cent trichloracetic acid. The mixture was 
centrifuged and filtered, and 15 ml of the filtrate 
were treated by a freeze-drying procedure in order 
tc remove the main part of the trichloracetic acid. 
The dried. filtrate weighing about 200 mg was dis- 
solved in 5 ml 0.01 N HCl and added to the column. 
Quantitative analyses of known mixtures of amino 
acids, treated with trichloracetic acid as above 
indicated, showed that this treatment did not in- 
fluence the composition of the solution. 

The chromatographically separated amino acids 
were identified through paper chromatography on 
desalted fractions. The desalting procedure was 
for the acid and the neutral amino acids the method 
described by Stein (1953), except that we used 
Amberlite IRA 400 instead of Dowex 2. For the 
basic amino acids we used Dowex 50—X12 and 
followed the procedure of Dréze, Moore & Big- 
wood (1954). The desalted effluents were collected 
and evaporated in vacuum desiccators. The paper 
chromatography was performed as ascending chro- 
matography on Whatman paper, No. 1. The fol- 
lowing systems were used. For acid and neutral 
amino acids: (1) sec. butanol: formic acid: water 
= 75:13:12, (2) n-butanol saturated with 
2NNH,sOH, (3) pyridine: water = 65:35, and 
(4) pyridine: acetic acid: water = 50. 35) s5. shor 
the basic amino acids were used (4), (5) phenol: 
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Table II. Color yield from amino acids on molar basis relative to leucine. : 


Amino acid Color yields 


‘This study M. &S. 
WREST g ha ening pino.crn Gado bol 0.97 0.88 
INS partic Acid sist pent 0.95 0.94 
AW ebgeCerabhNKSy a ano Fou boo Cr 0.96 0.94 
Seine ier co. iscara rita agers 0.98 0.95 
«Asparagine)..........-- 0.93 0.95 
Proline (440 mu) ....... 0.239 Oy225 
Glutamic acid .......... 1.01 0.99 
(GIG! cagobloimcoonde ce 0.96 0.95 
PATAI IIe eter ciaestt Wei cuslonsie eke 1.00 0.97 
a-NH,-butyric acid ..... 1.01 1.02 
icine manveyereietolenss ste eereloncks 0.97 0.97 


M. & S.=Moore & Stein (1954 b). 


Amino acid Color yields 


This study M. &S&. 
Cystine (half) ........ 0.55 0.55 ¢ 
Methionine .......... 0.99 1.02% 
Tsolewemie aia stn ere 1.00 1.00 
Leucine: 22 «1-1 1.00 1.00 © 
Tyrosine ».fjencinase ce 0.98 1.00 
Phenylalanine ........ 0.99 1.00_ 
Ornithine 27.6 eee 1.09 1:12 
LLysines nae acai 1.07 1.10 
1-CH,-histidine*) ..... 0.88 
Histidine s05-e-<e as 0.99 1.02 
Arpining eee 1.01 1.018 
4 


*) Dr. H. H. Tallan, The Rockefeller Institute for Medical Research has kindly given us a small amount 
1-methylhistidine, necessary for the identification of the 1-methylhistidine peak. For calculation of this ami 


acid the color value found by Moore & Stein was used. 


Table III. Recoveries of amino acids from synthetic mixtures. 


Amino acids Recovery 
in per cent S.D. 
ANS partie: AGid \aysy0's, > « simus/ oie. «ein 101 4 
Threonine? scc.06 vie shes 102 3 
ISIS GEUEY. 1 Scamornonarena Crechenols Mecache 101 2) 
Prolim eer ces mustrinchscleke sievaced ae 98 2 
Glutamic acid: sce cr = cleles 99 3 
(GUNES cis cig COIS eG ETO 101 2 
PA ATIC! MSEe chav atagata.oveltne eaters 101 4 


S.D.= standard deviation. 


water = 100: 20 (from phenolum liquidum) with 
an atmosphere of 2N NH.zOH, and (6) methanol 
67 per cent with an atmosphere of 2N NH4OH. 
These systems were taken from Turba (1954) and 
Block, Durrum & Zweig (1955). Creatinine was 
identified by Jaffe’s test and arginine confirmed 
by Sakaguchi’s test. 

The paper chromatography revealed the peaks 
containing the following aminb acids in the urine 
chromatograms to be contaminated with traces 
of ninhydrin positive material, possibly mostly pep- 
tides: taurine, threonine, methionine, isoleucine, 
leucine, tyrosine and phenylalanine. In the glycine 
peak traces of citrulline were found. The asparagine 
peak consisted of 3 to 4 components of which 
asparagine and sarcosine have been identified and 


Amino acids Recovery — 


in percent Sie 


Methionine 25 sede emi eee 95 24 
Leucittey y 7 ocr oie etc 101 5 
Tyrosine “Tiina. danni omen 99 13 
Phenylalanine: Saaq. eee 98 40 
Teysimel<fepiaoeece dale eucapenshe 99 3 
FRstidine peice eiietern see 98 3i 
Arginine: ce. cee ee 96 a 


this compound is therefore given with quotat 
marks in the tables. Valine and cystine were 
separable on the resin used and quantitative det 
mination of these amino acids was impossible. _ 

The color yields, I,, obtained and used for - 
different amino acids were close ‘to those repor 
by Moore & Stein (1954b), cf. Table IT. Only 
the case of taurine was a slight difference fot 

The mean volume, a, of the fractions in a p 
is calculated on the basis of volume deter 
tions (weight/specific weight) of about every 
fraction. Deviations from the standard volt 
1.00 ml, are corrected by multiplying the 
extinction, E, for each peak with a factor a 


_ diluent-vol. + ninhydrin-vol. + a 
diluent-vol. + ninhydrin-vol. + 1.00 
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he amount of amino acid in mg in a peak is 
ilated from the formula 


E Xf X molecular weight 


imino acid, mg = 
a x I, x 1000 


hich @ is the extinction produced by 1ml1mMo! 
ine solution. The @-value was computed from 
ral determinations on each ninhydrin solution 
ared. j 
he results of recovery experiments on amino 
mixtures of known composition. (5 experi- 
ts) and on urines with and without addition 
de known amino acid mixture (3 experiments) 
summarized in Table III. In general the re- 
ty was found to be within 5 per cent of the 
-cted value, except for methionine and arginine 
1 95 +2 per cent and 96 + 2 per cent respec- 
y. In the calculations of the amounts of methio- 
and arginine the values for these amino acids 


were divided by 0.95 and 0.96 respectively to correct 
for losses during chromatography. Creatinine was 
determined in urine and blood plasma according to 
the method of Borsook (1935). 

The clearance for creatinine and the amino acids 
was calculated according to the formula UV/P 
and expressed in milliliters per 
1.73 sq.M. 


minute per 


RESULIS 


The results are given in Tables IV and 
V. It is seen that the urinary excretion of . 
several of the amino acids is increased during 
pregnancy. In Table VI the ratio between 
the average clearance values for the different 
amino acids during pregnancy and in the 
non-pregnant state is shown, and the results 


Table IV. Results in non-pregnant women (1, 2, 3). 


| Plasma Urinary excretion Renal clearance 
ug/ml ug/min. ml/min. per 1.73 m? 

Amino acid ee = 

1 2 3 Avg 2 3 Avg. 1 2 3 Avg. 
ae Ted: 4.6 3.9 SW e2o.O0 a 103 | 18.1 | 3.4 —_ Bi) | Sho 
istic acid...... 1.4 utes) i 1.4 0.9 0.8 0.8 OS Oh” FOG 10:7 0.7 
ABMINE* sa sa LSS 2s) BUSS lS 7 aia 2 2 e253 9.4 | 11.3 0.7 dal 0.7 0.8 
> 1 eee 1722) 52 1329) 15 An s0:4 38.45002229) 130.6 1.8 2.9 1.8 D2. 
eeapine)™) sas. ' 20:60 22.6 34:6 | 27.9 | 18.9! 26.5. 22:9 22:8 | 0.7 es 0.7 0.9 
Bees 20:6; 20.4. 19.3) }. 20:41 1.8 fe! 2.0 ile7E 0.1 0.1 0.1 0.1 
famic acid .... 522 4.0 6.3 ee pps 23 Dal 2.2) \ 04507 0.4 0.5 
MCE. ees. 5 ord AoUSueE SO ee 2IEO oI Oe It a7.57 152-8 FDS 2609 62) 5.6 4.8 4.5 
eee 2057.) (AS 92355) |, 22160 Yet  SOF8) 7.9 8.8 047 OF 04 0.5 
H,-butyric acid 3.6 2.6 1.6 2.6 2.0 3.4 1.7 2.4 | 0.6 de 12, 14 
Monine ...... oii 34 3.4 3.4 4.3 3.6 2.8 3.6 Nes eee! 0.9 ta 
. Soe 19 74 6.8 7.4 8.0 7.0 12.4 9.1 Opell 2.0 1.4 
Gee 10.7 14.4 14.6 | 13.2 B)3 3.9 4.1 3.8 O35 1053 0.3 0.3 
MEMTVO 6 sisic sie fos 8.6 ed 74 hed 6.5 8:0) 5 7.3 0.8 1.3 1 ea 
1ylalanine 19 8.0 Bed, 7.9 SES) 15 4.7 5.9 0.7 hil 0.7 0.8 
2 Gee eee POM. TESS POMS I POS Oe 3.6 4.4 6.1 0.5 202 0.3 
MELT Te ci she os Oe 1052 13.0) 1018" 50.3. 44:3" 52:3 a ae 46 4.9 4.5 4.7 
1;-histidine —- — 3.6 oe 5.4.13.6 — : —_— — = cae 
ine BEN ies 1275 el tz 7.2 1055 5.4 4.0 Sao) 42 | 04 04 °&0.5 0.4 
eee Si LO tor OL? Psi JONI) ekCurs: 928 So Lis 95 99 


“he calculation of «asparagine» is performed on the basis of an arbitrary I. of 1.00 and a «mean amino acid” 


scular weight» of 130. 
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Table V. Results in pregnant women (4, 5, 6). 
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7 
Plasma Urinary excretion Renal clearance : 
ug/ml ug/min. ml/min. per 1.73 m 
Amino acid 
4 5 6 Avg. | 4 5 6 Avg. 4 5 
: - 
Taurine <2 ..0.0066- EY! 552) 4.3. Sel —_— — 6.1 — — — 1.4 i 
Aspartic acid...... 0:97) 1 1.0 1.0 O07 © TA 09 1.0 0.8 14 «0.9 1 
Threonine ....... 18:7 15.2> 20:7 | 1822" 41.27 22045 Se8 251333 22 14 1:33 
Senine nae + ocean 10.9 7.9 6.4 84 | 53.3 31-1 2319) 38:8 4.9 43 . 5:05 
«Asparaginen*) .... | 27.0 20.3 14.0 | 20.4 | 64.6 37.6 27.1 | 43.1 2A eek Darl 
Proline ears ce ceil 24.5 12.4 11.7 | 16.2 3:3. tel 1 1.8 0:1) 0 Ta 
Glutamic acid 49 41 4.3 4.4 6:07 N3i2er eon 4.8 2 > O:Saeshes 
Glycine™.-..- e.% 14.0 81 6.5 9,5) 1225.5 98:6 133.8) 11526) |" 162) is.2 20 
Alanine .......... 21:3 23.4. 2122192210) | 1S LOG aie oad 0.5°. 0:5 0:3 3am 
a-NH,-butyric acid 154 6 edad 1.4 40 6.1 3.4 4.5 2:9 4A0 88 3 
Methionine ...... DEY De | Pol 2.6 78. “S65 6:5 6.3 2:1 “2.22 
Isoleucine ........ G75) 65:5 6.4 84 7.0 6.2 7.2 14 10 “T10e 
Weucine fo. ..nes se 1A 1S OLS 172k 7 On OL emo 6.2 0:7 -05°~ 053i 
AD yrosine' cs. a <cfeeks 40 5.3 4.9 4.7 8.60. 13:4) orate. 22. 2279-340 
Phenylalanine .... 6.0 64 61 6.2 4.7 4.9 8.8 6.1 0.8 O08. 14] 8 
Ieyoiniewey. here 16:9 20:1 228 | 19.9)\| 27:5 “16:29 32.6m\625:4 16 09 14) 8 
Histidine ........ 10.3 9.2 11.5 | 10.3 1149.4 156.0 179.3 |161.6 | 14.6 18.3 15.5 | 16 
1-CH,-histidine ... 08 04 — 0.6 8.245823 sal, PO -10.3'-5 224 aes * 
WAroinine: Ava eis) 9:8) 1657) Ges 7.6 Si Ave 3:9e al5 4.6 0:6.) 0:65 53057 ( 
Creatinine ....... 6.8 84 10.0 8.4 826 1000 795 |; 874.| 122 129 79 | 1 
*) The calculation of «asparagine» is performed on the basis of an arbitrary Ic of 1.00 and a «mean am 
acid molecular weight» of 130. ‘ 
j 
of statistical analysis of the difference be- phenylalanine, serine and tyrosine. T 


tween the average clearances in the two 
groups are rendered. It appears that the 
clearances for a-aminobutyric acid, arginine, 
“asparagine”, glutamic acid, glycine, histi- 
dine, leucine, lysine, methionine, 
threonine and tyrosine are 


serine, 
significantly 
higher for pregnant than for non-pregnant 
women. The clearances for isoleucine, pro- 
line, phenylalanine, alanine and aspartic acid 
are unchanged. The ratio between the mean 
values of the plasma amino acid concentra- 
tion in pregnancy and in non-pregnant state 
is less than 1 for practically all the amino 
acids studied. Significantly lower average 
values are found for aspartic acid, glycine, 


average value of the sum of plasma ami 
acids for which clearance determinations ha 
been carried out (Table VI), is found to 
significantly lower in the pregnant gto 
than in the non-pregnant group. 4 


DISCUSSION 


; 
’ 
j 
The results reported supplement i 
given previously as an elevated excrett 
of glycine, a-aminobutyric acid, “asparagit 
and glutamic acid was found during pre 
nancy. At the period in pregnancy invest 
ated, it has not been possible to con 
increased excretion of phenylalanine (W 
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able VI. Average values of clearances and of plasma amino acids for pregnant compared 
to non-pregnant women. 


Ratio between 
avg. values of 
clearances 
preg./non-preg. 


Amino acid 


t*) 
MEHICING: .. «aca, 2 5.00 0.85 0.59 
TS a eee ee 1.00 0 
enylalanine ....... 1.20 0.71 
aMIN€ ............. 1.20 Os71 
_UDEDGAE es ee 1.47 4.21 
Battic. acid) 2 ...c 500s 1.54 1.90 
SUES aa ee 1.90 4.02 
Mtamic acid ....:.. 2.14 3.41 
Bihionine ......... 215 6.88 
PREONING: 22. ce. sos: 217 3.62 
LSS ya ae 2.18 5.98 
sparagine> ......... 2.33 4.76 
HGIING 86 cs) ec o's 28 252, 4.42 
NH,-butyric acid ... 3.06 4.97 
stidine Oe Aya. 3.45 10.21 
yoine ............. 3.66 5.46 
BME ....-..-.2.- 4.33 4.32 
PAPETVATIC 0S o's, & 5. si 0's ail 0.65 


Difference in 
clearances 
Preg. compared 
to non-preg. 


Ratio of plasma Differences in 


amino acid plasma amino acid 

concentrations concentrations 

preg./non-preg. 
Pt) t 12 
0.6 0.86 1.48 0.2 
1.0 0.81 0.93 0.4 
0.5 0.78 135 0.001 
0.5 1.05 0.64 0.6 
0.01 0.73 1.58 0.2 
0.1 0.73 3.50 0.02 
0.02 0.88 1.07 0.3 
0.03 0.86 1.05 0.4 
0.01 0.77 2.64 0.06 
0.02 1.16 1.09 0.3 
0.01 0.54 4,29 0.01 
0.01 0.73 1.45 0.2 
0.01 0.61 4.96 0.01 
0.01 0.53 2.06 0.1 
0.001 0.96 0.33 0.8 
0.01 0.30 3.20 0.03 
0.01 0.98 0.20 0.8 
0.6 0.82 1.42 0.2 


t is found by the formula: t = difference of mean values xV nynz/(n,+ 12) | S.D. 
P is the probability of identity derived from t and the degree of freedom (m,+7,—2). 


ff, Brodie & Borden, 1952) and of iso- 
icine (Miller, Ruttinger & Macy, 1954). 
Haugen & Blegen (1953) have, under 
ysiological conditions found a very con- 
nt ratio: true endogenous creatinine clear- 
ce/inulin clearance averaging 1.01 + 0.07. 
our subjects no difference was found be- 
een the endogenous creatinine clearances 
the two groups. This fact is somewhat 
‘prising, since Bonsnes & Lange (1950), 
cht (1951) and Page, Glendering, Dig- 
n & Harper (1954) have found an in- 
ased inulin clearance during the first 8 
mths of pregnancy. The last-mentioned 
up of authors found, that the enhanced 
tidine excretion during pregnancy is due 
an increased glomerular filtration, a de- 
ased reabsorption by the renal tubules 


and to a decreased rate of disappearance of 
histidine from the blood. 

The experiments reported in this paper 
do not indicate an increased glomerular filtra- 
tion of the plasma amino acids, and these 
compounds were not found to be enhanced 
in plasma. On the contrary, the concen- 
trations of the various amino acids in plasma 
were generally decreased during pregnancy, 
some of them significantly. The increased 
clearances for several of the plasma amino 
acids must therefore be due either to a 
diminished tubular reabsorption or to tubular 
secretion. The last-mentioned possibility 
can of course not be excluded, cf. Kamin & 
Handler (1951). 

It is known that normal pregnancy is 
usually accompanied by a decreased concen- 


tration of the total non-protein nitrogen in 
the blood. Olsen (1932) ascribes this com- 
pletely to a fall in the concentration of urea. 
Cadden & Faris (1936) find during the first 
six months of pregnancy a decrease both in 
urea nitrogen and in the rest of the non- 
protein nitrogen. This is confirmed by Bons- 


nes (1947) and Clemetson & Churchman: 


(1955) who have determined the amino ni- 
trogen levels during pregnancy. Steenstrup 
(1956) has recently found significantly lower 
values for uric acid in plasma during preg- 
nancy. Our investigations seem to be the first 
on individual plasma amino acid levels in 
pregnancy and show that not all of the amino 
acids are lowered to the same degree. The 
non-uniform lowering of the concentration 
of the different amino acids contradicts a 
simple relationship between amino acid con- 
centration and blood volume, the latter 
being increased during pregnancy (Bucht, 
1951). It is likely that the diminution in 
the concentration of the amino acids in 
plasma is due in part to the excretion of 
larger amounts of amino acids with the 
urine. 

Concerning the possible cause of the 
change in kidney function with regard to 
amino acids during pregnancy it may be 
relevant to mention that Brodie, Wallraff, 
Borden, Holbrook, Stephens, Hill, Kent & 
Kemmerer (1950) have reported amino- 
aciduria after ACTH and cortisone treat- 
ment, and that Bayliss, Browne, Round & 
Steinbeck (1955) have found increased 
adrenocortical activity during pregnancy. 


SUMMARY 
Ion exchange resin chromatography has 
been used for clearance determinations for 
a series of amino acids in 3 non-pregnant and 
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3 pregnant women (3rd—4th month). TE 

clearances for a-aminobutyric acid, arginine 

“asparagine”, glutamic acid, glycine, hist! 

dine, leucine, lysine, methionine, serin: 

threonine and tyrosine were significantl 
increased during pregnancy. The concentrz 
tion of plasma amino acids was generall 
found to be lower than in the non-pregnar 
state. The possible causes of the changes at 
discussed. { 

REFERENCES ; 

Bayliss, R. I. S., Browne, J. C. McC., Round, B. ] 
& Steinbeck, A. W.: Plasma-17-hydroxycort 
costeroids in pregnancy. Lancet 268 J, 6 
1955. 

Block; R. J, Durrum, vE. 1 a "Awe G 
A manual of paper chromatography and pap. 
electrophoresis. Academic Press Inc., Ne 
York, 1955. : 

Bonsnes, R. W.: The plasma amino acid and ante 
nitrogen concentration during normal pre; 
nancy, labor, and early puerperium. J. Bi 
Chem. 168, 345, 1947. } 

— & Lange, W. A.: Inulin clearance durin 
pregnancy. Fed. Proc. 9, 154, 1950. ; 

Borsook, H.: Micromethods for determination 
ammonia, urea, total nitrogen, uric acid, cre 
tinine (and creatine) and allantoin. J. Bi 
Chem. 110, 481, 1935. } 

Brodie,E. C., Wallraff, E. B., Borden, A. L. Ht 
brook, W. P., Stephens, C. A. L., jr., H 
D. F., Kent, L. J. & Kemmerer, A. R.: U 
nary excretion of certain amino acids duri 
ACTH and Cortisone treatment of rheumat 


arthritis. Proc. Soc. Exper. Biol. Med. | 
285, 1950. ; 
Bucht, H.: Studies on renal function ‘in 


Scandinav. J. Clin. & Lab. Investigation. Sul 
oy OEM, 

Cadden, J. F. & Faris, A. M.: The an 
urea, and rest nitrogen of the blood dur 
normal pregnancy and the puerperium. Am 
Obst. & Gynec. 32, 421, 1936. | 

Clemetson, C. A. B. & Churchman, J.: Plas 
amino-acid levels following protein ingest 
by pregnant and non-pregnant subjects. | 
Obstet. Gynaec. Brit. Emp. 62, 390, 1955. 


AMINO ACIDS IN BLOOD PLASMA AND URINE DURING PREGNANCY 61 


ze, A., Moore, S. & Bigwood, E. J.: On the 
desalting of solutions of amino acids by ion 
exchange. Anal. Chim. Acta 11, 554, 1954. 
ugen, H. N. & Blegen, E. M.: The true endo- 
genous creatinine clearance. Scandinav. J. 
Clin. & Lab. Investigation 5, 67, 1953. 

nda, M.: Untersuchung des Harns gravider 
Frauen. J. Biochem. (Japan) 2, 351, 1923. 
min, H. & Handler, P.: Effect of infusion of 
single amino acids upon excretion of other 
amino acids. Am. J. Physiol. 164, 654, 1951. 
peller-Adler, R.: Uber eine neue Methode zur 
quantitativen Histidinbestimmung und _ iiber 
deren Anwendbarkeit zur Untersuchung von 
biologischen Fhissigkeiten insbesondere von 
Gravidenharnen. Biochem. Ztschr. 264, 131, 
1933. 


ller, S., Ruttinger, V. & Macy, I. G.: Urinary 


excretion of ten amino acids by women during 
the reproductive cycle. J. Biol. Chem. 209, 
795, 1954. 

yore, S. & Stein, W. H.: Procedures for the 
chromatographic determination of amino acids 
on four per cent cross-linked sulfonated poly- 
styrene resins. J. Biol. Chem. 211, 893, 1954a. 

-— A modified ninhydrin reagent for the photo- 
metric determination of amino acids and 
related compounds. J. Biol. Chem. 211, 907, 
1954 b. 


Lawrie, N. R.: The excretion of L(-)-tyrosine in 
urine. Biochem. J. 41, 41, 1947. 

Olsen, A.: Einige Untersuchungen tiber die Nieren- 
funktion bei Eklampsie und bei den damit 
verwandten Schwangerschaftserkrankungen. 
Thesis. Nyt Nordisk Forlag, Kgbenhavn 1932. 

Page, E. W., Glendering, M. B., Digman, W. & 
Harper, H. A.: The causes of histidinuria in 
normal pregnancy. Am. J. Obst. & Gynec. 68, 
110, 1954. 

Sheft, B. B. & Oldham, H.: Amino acid intakes 
and excretions during pregnancy. J. Am. 
Dietet. Ass. 28, 313, 1952. 

Steenstrup, O. R.: Hypo-uricemia during pregnancy. 
Scandinav. J. Clin. & Lab. Investigation 8, 263, 
1956. 

Stein, W. H.: A chromatographic investigation of 
the amino acid constituents of normal urine. 
J. Biol. Chem. 201, 45, 1953. 

Turba, F.: Chromatographische Methoden in der 
Protein-Chemie. 
1954. 

Voge, C.: A simple chemical test for pregnancy. 
Brit. Med. J. 2, 829, 1929. 

Wallraff, E. B., Brodie, E. C. & Borden, A. L.: 
Urinary excretion of amino acids in pregnancy. 
J. Clin. Investigation 29, 1542, 1950. 


Springer-Verlag, Berlin, 


Scandinav. J. Clin. & Lab. Investigation 62—66, 9, 


1957. 


ON URINARY EXCRETION OF MERCURY FOLLOWING ORAT 
ADMINISTRATION OF ,ORADON“ AND OTHER DIURETICS® 


By E. HVIDBERG anp K. BONDRUP NIELSEN 


From Medical Department C, Bispebjerg Hospital, Copenhagen and The Laboratories of 
AIS Ferrosan, Manufacturing Chemists, Copenhagen, Denmark 


(Received for publication September 22, 1956) 


Publications on the excretion of mercury 
following oral administration of diuretics are 
scarce. When measuring Mercuhydrin ac- 
cording to radio-tracer technique, Overmann, 
Gordon & Burch (1950) obtained recoveries 
of only 5 per cent and Huffman (1949) 
found only up to 3 per cent in the urine 
after oral administration. Following oral 
administration of various mercurial diuretics 
Nuhfer & White (1951) found up to 6 per 
cent in the urine. CMPU (Chlormerodrin, 
Neohydrin) is recovered, e. g. by Moyer, 
Handley, Seibert & Snyder (1953), in quan- 
tities of 5—10 per cent in the urine. The 
intestinal absorption of the orally admini- 
stered mercurial diuretics hitherto known 
thus seems to be very incomplete. 

On parenteral administration (intrave- 
nous, intramuscular or subcutaneous) uri- 
nary recoveries of 60—100 per cent of the 
injected mercury are obtained (Vogl, 1953; 
Grossmann, Weston, Lehman, Halperin, 
Ullman & Leiter, 1951; Weston, Grossman, 
Lehman, Ullmann, Halperin & Leiter, 
1951). 

Oradon is a new mercurial diuretic which 
has proved to be particularly suitable for 
oral administration. It has been synthetized 
by A/S Ferrosan, and the chemical compo- 


a 


sition is: 3-hydroxymercuri-2-methoxy- 
succinimidopropane, theophylline, H2O. : 

In the course of the first clinical obse 
vations of the diuretic effect obtained x 
30 patients (Hvidberg, 1956) the urina: 
excretion of mercury was examined in 
patients. The results of these examinatio 
and the excretion of mercury following a 
ministration of other mercurial diuretics w 
be given in the following. 


Sloe. 


METHODS 


According to Rolfe, Russel & Wilkinson (195 
most of the methods for the determination of mi 
cury suffer from the drawback that quantitat 
recovery of the mercury in the urine is not obtain 
if the urine has been allowed to stand for seve 
days. Since it has not been possible in the cot 
of the present investigation to start the analysis 
each of the collected samples of urine immediat 
on arrival, the method devised by Rolfe, Russel 
Wilkinson has been chosen. 

Briefly, the method is as follows: — 

A quantity of urine corresponding to up to 250) 
mercury is oxidized for two hours in a glass 
sure bottle with nitric acid-permanganate at 85 
Excess of permanganate is removed by mean 
ammoniacal hydroxylamine solution, and the s 
tion is adjusted at pH =8—9 by means of 
monia. Sulphuric acid and hydroxylamine solu! 
are added, and after suitable dilution the solu 
may be set aside until it is possible for the ana 
to continue the work — perhaps not until sev: 
days have elapsed. 


— 
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Table I. Recovery of Hg. 


Sample 


20.0 mcg./ml Oradon in water 


30.0 meg./ml Oradon in water 


30.0 mcg./ml Oradon in urine contain- 
ing 2.3. mcg./ml Hg 


xtraction is performed by means of dithizone 
toluene followed by reextraction by means of 
Y hydrochloric acid. After addition of ammo- 


cal hydroxylamine the extraction is repeated, - 


excess of dithizone is removed by means of 
ium hydroxide. The solution in toluene of the 
cury-dithizone complex is measured in a Beck- 
1 spectrophotometer at 450 mw. It is necessary 
‘un a blank. 
‘he described method has proved to be very 
able. Recoveries obtained by the authors of the 
sent article agreed with the results given by 
fe, Russel & Wilkinson (Table I). 


MATERIAL 


he present investigation comprises, in addition 
he eight patients to whom Oradon was admi- 
ered, three patients to whom CMPU (in this 
> the Danish preparation Asahydrin = Neohy- 
}) was given orally and three to whom Thiomerin 
administered subcutaneously. As regards the 
don-patients the diuretic effect was examined, 
le with regard to the remaining subjects only 
urinary excretion of mercury was ascertained. 
ll 14 patients required diuretic therapy, two on 
yunt of cirrhosis hepatis with ascites and edema, 
remaining on.account of more or less marked 
yestive heart failure. None of the patients exa- 
ed suffered from any significant reduction of 
1 function as measured by means of serum 
tinine. In the oral administration the prepara- 
was given for four days, and the measurement 
the excretion of mercury was started on the 
before the administration began and continued 


Hg in sample Hg found Percentage 
mceg./ml meg./ml recovery 
6.84 7.0 102 
6.8 99%5 
10.2 10.1 99 
9.9 97 
12.5 100 
Pai 101.5 
1255 12:9 103 
1257 101.5 


until four days after the cessation of the treatment. 
Dosages appear from Table II. Earlier researchers 
have examined the urine for a period of up to 
16 days after the cessation of the administration. 
No doubt traces of mercury would also be found 
at such a late date in some cases of Oradon admi- 
nistration, but after a period of four days the ex- 
cretion is practically nil (see the curves). In the 
patients who were given Thiomerin subcutaneously 
the urine was examined from the day before to 
two days after the injection. 

Urine was collected quantitatively, mixed and 
measured at 8 a.m. every day, and a sample of 
about 200 ml was withdrawn for the mercury ana- 
lysis. 


RESULTS 


The results of the investigation appear 
from Table II and the curves of Figs. 1—4. 
For CMPU the excretion percentages found 
are slightly higher than those found by other 
authors, viz. 11—15 per cent. For Thiomerin 
recoveries are identical with those obtained 
by other authors, 66—97 per cent. Unlike 
other orally administered mercurial diuretics, 
Oradon is seen to result in a remarkably 
high urinary excretion of mercury, viz. on 
an average 54 per cent. The curves represen- 
ting daily urinary excretion of mercury for 
all the eight patients agree fairly closely, 
and variations in percentage recoveries of 
mercury are comparatively small. 
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Fig 1 ORADON 
DOSAGE 160 mg, Hg (40 mg per day) 
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DOSAGE: 240 mg. Hg (60 mg, per day) 
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Fig 3 CMPU (ASAHYDRIN) 
DOSAGE 240 mg Hg (60 mg per day) 


DISCUSSION 
According to the present investigation the 
intestinal absorption of Oradon is more ef- 
ficient than that of any previously examined 
mercurial diuretic given orally. This result 
has been obtained without any increase in 
the incidence of side effects (Hvidberg, 


| 


x» x 
o Ww mg Hg 


ee ee ee ee 6 AH eye A Owe. toe 


'T 2 3 
BE, THIOMERIN 
DOSAGE 80 mg subcutaneously 


4 days 


1956). The quantities of mercury caused 
pass through the kidneys by oral administr 
tion of Oradon are greater than those obtai 
able by treatment with other similar prepat 
tions. 

It would be interesting if it were possil 
to ascertain a relationship between the higt 
intestinal absorption of Oradon and the di 
retic efficacy as compared to the efficacy 
e.g., CMPU. All other conditions bei 
equal, it might be expected that the hi 
intestinal absorption would cause a cer ‘ 
dose of Oradon to produce the same diure 
effect as a greater dose of CMPU. On 4 
basis of the investigations hitherto made 
finite statements cannot, however, be 
as regards this question, but in Fig. 5 it 
been endeavoured to establish a compari 
between two uniform materials. With reg 
to CMPU the figures are taken fi 
Grtiner, Hilden & Krogsgaard’s work 
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Table II. 
Percentage 
Pat. Dose inmg Hg recovery Average 
No Drug daily . altogether in urine figures 
i Oradon 40 160 49 
2 — 40 160 46 50 
3 — 40 160 *) 
4 = 40 160 ay) 54 
5 — 60 240 61 
6 _ 60 240 55\ 58 
Zi _ 60 240 56 { 
8 — 60 240 61 
9  Asahydrin 60 240 11 l 
10 — 60 240 14 13 
11 — 60 240 15 j 
12. Thiomerin 80 80 66 \ 
13 — 80 80 97 83 
14 — 80 80 83) 


=) Not less than 35 per cent. The excretion figure for the fourth day is lacking, 
for which reason the data for this patient have not been included in the average 


value. 


amox (1955), while the Oradon figures 
e from Hvidberg (1956). The comparison 
ggests that the higher intestinal absorption 
Oradon is reflected in a higher diuretic 
ficacy. It should be emphasized, however, 
at the data are not absolutely commensur- 
le, and that the comparison cannot, there- 
re, form the basis of any exact evaluation 
the relative diuretic actions of the two 
ugs. 


excretion 
| (1 + increase]) 


00% 
00% 


00% 


120 mg Hg 


40 mg 60 mg Hg 


20 mg 
Fig 5 CMPU (ASAHYDRIN) 


(GRUNER HILDEN OG KROGSGAARD 1955) 


40mg 60mg 
ORADON 


(HVIDBERG 1956) 


SUMMARY 

Following diuretic therapy, quantitative 
determinations of mercury in urine from 14 
patients have been made. Eight patients have 
been given a new mercurial diuretic, Oradon, 
which is administered orally, three patients 
have been given CMPU (chlormerodrin) 
orally and three patients have been given 
subcutaneous injections of Thiomerin (mer- 
captomerin sodium). Urinary recovery of 
mercury administered in the form of Ora- 
don was on an average 54 per cent, while 
for CMPU the average recovery was 13 
per cent: 
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In chronic cadmium poisoning of man 
ild anemia has been observed (Friberg, 
150). Severe anemic changes resulted from 
idmium poisoning in animal experiments 
Wilson, de Eds & Cox, 1941; Friberg, 
150). 

The cadmium content in the blood of rab- 
ts rose progressively in response to re- 
sated subcutaneous injections of cadmium 
phate. After daily administration of 
65 mg Cd per kg of body weight for about 
yo months concentration of cadmium in the 
ood was | to 2 wg per ml (Friberg, 1952), 
55). It was shown that cadmium in the 
ood accumulated in the cells (Friberg, 
52; Truhaut & Boudene, 1954). The 
tter writers, however, also found small 
1antities of cadmium in the plasma. The 
mtent of cadmium in the blood cells was 
3 to 20 times that in the plasma. 

We have further studied the distribution 
administered cadmium in the blood and 
we attempted to illustrate the localization 
cadmium to the erythrocytes. 


EXPERIMENTAL 


Animal experiments: The cadmium used was 
yelled with the radioactive isotope Cd1!®* (half- 
e 43 days). At the beginning of the experiments 


* Supplied by the Atomic Energy Research 
tablishment, Harwell, England. 
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the specific activity was approximately 1.5 mC 
per gram cadmium. Male albino rabbits were 
given subcutaneous injections of an 0.15 per cent 
aqueous solution of cadmium (0.65 to 1.00 mg Cd 
per kg of body weight) daily for one to six weeks. 
Blood was sampled two days to three weeks after 
the injections were discontinued. The specimens 
were taken from a vein of the ear or when the 
rabbits were killed by insertion of a cannula into 
the carotid artery. 


Preparation of blood samples: A small quantity 
of heparin was added to the blood at the time of 
sampling. The plasma and cells were separated 
by centrifugation for 5 minutes at 2,000 r.p.m. The 
plasma was decanted and the cells were washed 
three times with physiologic saline. The erythro- 
cytes were then hemolyzed by adding distilled water 
up to the initial volume of whole blood. The stroma 
was sedimented by centrifugation at 4000 r.p.m. for 
ten minutes. The clear supernatant fluid was pipet- 
ted off. 

Dialysis: Continuous dialysis of about 20 ml of 
solution was carried out at + 4° C against a large 
volume of physiologic saline (about 300 ml) for 
8 hours, with several changes of the diffusate. 
Polyvinyl tubes were used as dialyzing membrane. 

Measurement of radioactivity: Radioactivity was 
measured on evaporated samples (approximately 
80° C) in a Tracerlab windowless flow counter 
connected to a Tracerlab scaler. Comparisons were 
made with standard specimens. At least 600 
impulses were counted in each test. 

Electrophoresis: The hemolysate was examined 
with paper electrophoresis according to Kunkel & 
Tiselius (1951) and with zone electrophoresis in 
starch medium according to the column technique 
of Carlson (1954). Before electrophoresis the 
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Table I: Distribution of cadmium in the blood. 


Cadmium content i 
: : : Hemolysate | Hemolysatei 
ree * on en a beens Pineau before centrif.| after centrifi 
(mg/kg) sation of é 
exposure | : 
(weeks) Per |ug/0.55| Per Per: 


ug/ml 


cent ml cent 


Table Il: Cadmium content of hemolysate and plasma before and after dialysis, 


» J 


Cadmium content 


Hemolysate after centrifugation 


Rabbit 
(ug/ml) 


No.*) 


before dialysis | after dialysis 


*) Explanation see Table I. 


sample was diluted with buffer. The amount of 
solution used for paper electrophoresis was 0.01 ml 
and for preparative column electrophoresis 1.0 ml. 
Veronal buffer was employed, pH. 8.6 and ionic 
strength 0.1 during 20 hours at + 4°C. 

The paper electrophoresis strips were stained 
with bromphenol blue, after which they were 
washed with 0.5 per cent acetic acid. In column 
electrophoresis fractions of 1.3 ml were collected. 
From this volume 0.1 ml was taken for protein 
analysis with the modified Folin-Cicolteau method 
(Lowry, Rosebrough, Farr & Randall, 1951). The 
remainder was used for determining radioactivity. 


Plasma (g/0.55 ml) 


before dialysis 


Dialyzable cadmium 
in per cent 


RESULTS 


The findings in cadmium analyses of who 
blood, plasma, and hemolysate before ar 
after centrifugation are presented in Table 
Almost all of the cadmium was found in th 
erythrocytes (hemolysate after centrifug 
tion). Only 1 to 7 per cent of the cadmiu 


_content in whole blood was demonstrable » 


the plasma. The concentration of cadmiu 
in the plasma was lowest when cadmium he 
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able Ill: Cadmium content in hemolysate 
ud in the hemoglobin peak after electro- 
phoresis. 


Hemoglobin 
(electrophoresis) 
Exposure |Hemolysate 
No. (weeks) ug/ml 
Per cent 
recovered 


ug/ml 


107 
90 
o7 
98 


een given for 3 weeks and the rabbits were 
led after a further 3 injection-free weeks. 
§ it was difficult to obtain plasma without 
ace of hemolysis, however, the plasma 
alues are somewhat uncertain. 

The results of dialysis are shown in Table 
[. After 48 hours dialysis against physiologic 
uine, about one-third of the erythrocyte 
mntent of cadmium was recovered in the 
lalysate. None of the plasma cadmium was 
emonstrably dialyzable. Because of the low 
udmium concentration in the plasma, how- 
yer, the accuracy of the latter readings is 
oubtful. 

Paper electrophoresis was carried out on 
1e samples taken after 1 to 3 weeks expo- 
ire to cadmium. No change in the mobility 
fF the hemoglobin was observed and no new 
ymponents appeared. 

The zone electrophoresis diagram of the 
emolysate is shown in Fig. 1, in which the 
rotein concentration and the radioactivity 
. the fractions are registered. This electro- 
horetic experiment was performed on a 
imple taken after 2 weeks exposure to cad- 
ium. The radioactivity followed closely the 


Mg protein 


200 


@—e protein 


o---o cadmium 


150 


Starting 
Point 


50 


5 70 15 20 25 30 
Fraction No 


Fig. 1. Rabbit 1. Zone electrophoresis of hemo- 
lysate after 2 weeks exposure to cadmium. 
Anode to the left. 


large protein component in the diagram. 
The amount of cadmium recovered in the 
hemoglobin peak after electrophoretic separa- 
tion is presented in Table III. As can be seen 
the recovery ranged from 90 to 107 per cent. 


DISCUSSION 


The analyses of whole blood, plasma 
and hemolysate showed that the erythrocytes 
contained more than 90 per cent of the cad- 
mium in whole blood. The stroma did not 
appear to be the site of the metal cadmium. 

Two-thirds of the cadmium was not 
dialyzable after dialysis against physiologic 
saline for 48 hours. Most of the cadmium, 
therefore, must have been bound to a macro- 
molecule. 

In zone electrophoresis the cadmium was 
quantitatively demonstrated in the hemo- 
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globin component of the diagram. This, 
together with the findings in dialysis, in- 
dicates that the cadmium in the blood after 
repeated injections was at least partly bound 
to the hemoglobin molecule. A highly prob- 
able association between other metals and 
hemoglobin has been reported. Thus Hun- 
ter, Kip & Irvine (1942) found that arsenic 
was concentrated in the erythrocytes, see- 
mingly combined with the hemoglobin. 
Bahner (1954) demonstrated that antimony 
in the blood was localized to the erythrocytes 
and probably was bound to the globin frac- 
tion of hemoglobin. On the other hand, the 
findings of Watanabe & Yana (1952) in- 
dicated that in chronic lead poisoning of 
man, lead is mainly present in the erythro- 
cyte stroma. 

The anemia in animals and human subjects 
after exposure to cadmium may appropri- 
ately be stressed at this point. It seems pos- 
sible that cadmium is transported to the bone 
marrow, where it inhibits the synthesis of 
hemoglobin and is partly incorporated in the 
hemoglobin molecule. 


SUMMARY 


The distribution of cadmium in the blood 
was studied in rabbits treated with sub- 
cutaneous injections of the isotope Cd115, 
More than 90 per cent of the blood cadmium 
was found in the erythrocytes. Zone electro- 
phoresis of hemolysate showed quantitative 
migration of cadmium with the hemoglobin. 
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In the clinical-chemical determination of 
rbiturates, ultraviolet spectrophotometric 
ethods are now generally used (Goldbaum, 
M48; Walker, Fisher & McHugh, 1948; 
nus, 1950, and others). The main clinical 
lestion is to ascertain the diagnosis that 
rbiturate is present in the material exa- 
ined and only secondly to determine the 
zount present. In general the spectrophoto- 
etric methods are fairly specific provided 
at determinations (on blood) are made in 
<aline and acid solution and at a number 
wavelengths and that “typical” barbi- 
rate absorption curves are obtained (see 
g. 3). In such cases spectrophotometric 
ocedures have also been used to differen- 
te between various barbiturates (Gold- 
um, 1952). In some cases, however, the 
ectrophotometric methods are not satis- 
story. “Nontypical” absorption curves may 
obtained (see Fig. 5), when low amounts 
barbiturates are present and when inter- 
ring substances are present, e. g., after in- 
stion of a number of drugs other than 
biturates. Further, the spectrophotometric 


Part of the analytical work was carried out 
the laboratory of Beckomberga Hospital, Brom- 
. Sweden. An abstract of this paper has been 
lished in Scandinav. J. Clin. & Lab. Investiga- 
1 7 Suppl. 20, 124, 1955. 
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methods do not differentiate between active 
barbiturates and some metabolites with in- 
tact barbituric acid-ring. 

Paper chromatographic methods for the 
separation of common barbiturates have 
been described previously (Wickstrom & 
Salvesen, 1952; Algeri & Walker, 1952; 
Allgén, 1953). In order to check the spectro- 
photometric results in cases such as men- 
tioned above paper chromatography was 
tried in this study. 


METHODS 


Spectrophotometric analysis was carried out in’ 
the first instance, followed by chromatographic 
analysis. The methods were tested with the fol- 
lowing materials: urine, blood, gastric contents and 
tablets, though urine was the material mainly 
studied. 


Paper chromatographic analysis. 


For the general chromatographic technique re- 
ference is made to Lederer & Lederer (1953). 


Extraction. 10 ml of blood (or more if avyail- 
able) was extracted once with 50 ml of chloro- 
form by shaking for 3 minutes. After separat’on 
the chloroform phase was filtered and then evapo- 
rated to dryness on a water bath. The residue was 
triturated with 0.1 ml of ethanol for several mi- 
nutes. 

50 ml of urine, acidified by addition of a small 
amount of dilute sulfuric acid, was extracted with 


J 
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100 ml of chloroform. An aliquot (40 ml) was 
used for qualitative and semiquantitative spectro- 
photometric assay (after extraction into an alkaline 
aqueous phase) whereas the remainder was eva- 
porated and the residue dissolved in 0.2 ml of 
ethanol. The same procedure was used with gastric 
contents. Tablet residues, if present, were collected 
by filtration through gauze and then extracted 
with chloroform. 

Tablets were extracted with a small amount of 
ethanol or chloroform (1—2 ml/tablet). 


Paper. Whatman No. 1 filter paper for chro- 
matography was used in sheets 23 X 57 cm. With 
the buffered or sodium hydroxide containing sol- 
vents (II, III, IV, and V), the paper was immersed 
in the appropriate buffer or sodium hydroxide solu- 
tion and was then air-dried for 24 hours. 


Application of material. The final ethanol solu- 
tions from the various materials were applied as 
spots on the paper on a line about 7 cm from one 
end, and with a distance between spots of 2.5 or 
3 cm. One and three times 5 wl of each solu- 
tion were applied by micropipets. Standards were 
applied on each paper in amounts of 25—50 ug 
in ethanol solution. Diethyl-BA‘ is suitable as a 
general standard as its R, value (in the alkaline 
solvents used) is intermediate between those of 
common barbiturates and barbiturate metabolites 
(Table I). Any barbiturate suspected in the 
specimen analysed was also applied as standard. 


Apparatus. Generally descending chromato- 
graphy was carried out using all-glass equipment.? 
The paper was fastened between two thin glass rods 
held together by small pieces of polyvinyl chloride 
tubing and was then easily handled (solvent I is 
irritating to the skin!) With solvent VII ascending 
chromatography was carried out (Allgén, 1953). 

Solvents. Several solvents were tried, in general 
various alcohols (ethanol, butanol, isoamyl alcohol, 


1 BA denotes barbituric acid. 


2 Supplied by the firm Werner-Glas, Stockholm, 
Sweden. 
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tertiary amyl alcohol, hexanol, benzyl alechoti co 
taining an alkaline aqueous phase wis 
& Salvesen, 1952; Algeri & Walker, 1952). } 
great differences were obtained between the 
systems, as regards separating power, as long | 
an equal strength of alkali was used. The followi 
systems were studied in more detail or were 
for special purposes: ; 
I. Isoamyl alcohol-concentrated ammonium h: 
droxide solution-ethylene glycol, 85: 15: 
(v/v). The upper phase was used. /soam 
alcohol and concentrated ammonium hydro: 
ide were put in different containers on # 
bottom of the tank. Fresh ammonium h 
droxide was added before each run to ensu 
a saturated ammonia atmosphere. 


II. n-butanol-0.1 N sodium hydroxide-ethyle 
glycol, 100:50:3 (v/v). The upper pha 
was used, the lower phase was put in a co 
tainer on the bottom of the tank. 

III. same as II but pH 12 phosphate buffer us 
(250 ml 0.067 14 NazHPOs and 250 3 
0.067 M NaOH). - 


IV. same as II but pH 11.2 phosphate buff 
used (500 ml 0.067 M NazHPOs and 165 3 


0.067 M NaOH). ; 
V. same as II but 0.05 M pH 10 borate buf 
used. : 


VI. toluene-water-glacial acetic acid-ethylene gl 
col, 100:50:40:5 (w/w). The upper phe 
was used, the lower phase was put in a co 
tainer on the bottom of the tank Se 


100: : 


¢ 


& Salvesen, 1952). 


n-butanol-water-ethylene glycol, 


(v/v). 


VII. 


Equilibration and running time. No equilibra 
was found to be necessary with solvents I—V 
VII, but with solvent VI the paper was allo 
to hang in the chromatography tank over ni 
before the solvent was filled in the through and 
run thus started. With solvent I and VII 
chromatogram was run for 20—24 hours. W 
solvents II—V for 15 hours and with solvent 
for 4 hours. With these running times the dist 
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Table I. R, values of some barbituric acid derivatives in alkaline solvents. 


RF value in solvent 


Substituent (R.) pK} les, KMnO, 
reaction 
i | II won III 

-dialkyl derivatives 
=ethyl 
sil 6s Se eeOC eee 7.912 0.31 0.40 0.44 0.50 0.58 — 
BEV Perce acs Sa sie oe 7.94 0.61 0.69 0.72 0.73 0.79 — 
-methylbutyl .......... 8.11 0.61 0.65 0.74 0.75 0.78 a 
-methyl-1-butenyl ..... 0.45 0.51 0.56 0.58 0.63 ae 
PEL eke at Bon ordie oes eee ais 741 0.34 0.40 0.47 0.48 0.54 — 
maohexenyl 260.55 s0.c5 750) 0.45 0.53 0.55 0.57 0.66 (+) 
peloheptenyl ....-..55. 0.50 0.57 0.58 0.63 0.67 (=) 
=isopropyl 
epromoallyl ..........%. Ust? 0.43 0.53 0.61 0.62 0.69 ae 
=allyl 
BIEN VIL Bree ters ss Ateusseracs 2 79 0.46 0.57 0.62 0.65 0.72 =e 
MERE orci sins) s raids aise 7.79 0.36 0.47 0.55 0.55 0.62 = 
LTCGLS ELD ie gas een eee 0.58 0.65 0.70 0.74 0.74 4 
lace Sen ane 0.39 0.44 0.50 0.53 0.57 aE 
methyl derivatives 
-methyl-5-cyclohexenyl. . 8.34 0.58 0.60 0.64 0.69 0.73 (+) 
_-GIKECI TS eee 8.453 0.53 0.62 0.64 0.69 0.74 —_ 
-ethyl-5-phenyl ....... 0.53 0.59 0.61 0.65 0.67 — 
|-isopropyl-5(2-bromoallyl) 0.67 0.71 0.75 0.78 0.80 = 
-dialkyl-2-thio derivatives 
-ethyl-5(1-methylbutyl) 0.68 0.74 0.74 0.76 0.78 (+) 
j-allyl-5(1-methylbutyl) 0.66 0.75 0.74 0.78 0.78 =e 
scellaneous derivatives 
epituric acid ......... 3.98 0.02 a 
-thio barbituric acid .. 0.04 (+) 
}-ethyl-5(3-hydroxyisoamyl) 

barbituric acid> ...... 0.24 0.29 0.35 0.38 0.43 — 


LR, values in solvent II obtained at a lower 
aperature (18 + 1° C) than the other determina- 


: x — = 7.85, pKe = 12.7 spectrophotometrically 
ox & Shugar, 1952). 

3 value obtained spectrophotometrically (Fox & 
ugar, 1952). 

t pK2 = 12.5, both values obtained spectrophoto- 
trically (Fox & Shugar, 1952). 


5 Synthesized according to Maynert (1952 a) 
using chromic acid oxidation. 

pK1 values have been taken from Krahl (1940) 
unless otherwise stated. R, values in general are 
means of five or more separate determinations. 
Permanganate reaction marked + is immediately 
positive, whereas (+) is a positive reaction obtained 
within 3 minutes. 
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travelled for the solvent front was about 35 cm. 
The temperature in the chromatography room in 
general kept within 21 + 1° C. 

Drying. After the run was completed the paper 
was allowed to air-dry (in a hood). With solvent 
VI drying was concluded in a drying oven, 30 
minutes, at about 100° C in the presence of water 
vapor to remove acetic acid (which will decrease 
the sensitivity of the UV method of identification of 
the barbiturates). 


Identification of spots 

1) Ultraviolet illumination. The dry paper was 
inspected in a dark room with UV illumination.! 
Absorbing (and fluorescent) spots were marked in 
with a pencil, With chromatograms run in solvents 
I, VI and VII the paper was then treated with 
ammonia vapor in a closed container for a few 
minutes and then rapidly re-inspected with UV 
illumination and “new” spots marked in. The sensi- 
tivity of this identification method may be increased 
by the use of a fluorescent screen behind the paper 
(Grieg, 1952). In the present work only a faintly 
‘blue-white fluorescent sheet of filter paper, behind 
the paper inspected, was used. 

To obtain a permanent reproduction of the 
chromatogram it may be copied on photographic 
paper with UV illumination (Fig. 1). 

2) Elution and ultraviolet spectrophotometry. 
The spot was cut out from the chromatogram and 
extracted in a test tube with 4 ml of 0.05 M pH 10 
‘borate buffer with occasional agitation for 30 
minutes. A blank was obtained by treating similarly 
‘a non-absorbing, non-fluorescent part of the same 
chromatogram. The absorption curve for the solu- 
tion in a 1 cm silica cell was then determ‘ned at 
various wavelengths between 220 and 350 mu with 
‘a Beckman Model DU Spectrophotometer. There 
was then added 0.5 ml of 1 N sodium hydroxide 
solution to 3 ml of eluate and the absorption curve 
-was redetermined (‘‘pH 13”). Finally 1 ml of N 
sulfuric acid was added and the absorption curve 
redetermined (“pH 1”). With weal< spots, smaller 
volumes and micro cuvettes were used. 


1 Analysis lamp with maximum emission at 
2537 AU (supplied by Luma Ltd., Stockholm, 


‘Sweden. Type LUS 220, with filter), 


A B Cc D E F 


Solvent Front : 


Fig. 1. Photographic reproduction of chromatogr: 
in solvent I. Paper treated with ammonia vapor a 
illuminated for 15 sec with UV light. Distance ff 
lamp app. 40 cm. Gaevert document paper us 
Some of the spots are overloaded and show tail 
With ethylcyclohexenyl-BA (A) two weak sp 
corresponding to oxidation products (Rp 0.13 ar 
0.19) are also shown. B= methylcylche eae 

methyl-BA, C =allylphenyl-BA, D= ethyl(1 

hylbutenyl)-BA, E = diallyl-BA,F = allyl-n-but 
BA, G=allylisopropyl-BA, H = diethyl-BA. . 7 
150 ug was applied of each substance, Rp va 
are given at spots. 


3) Spraying reagents. A number of chen | 
identification methods were tried and the follow: 


lich have been used by Wickstr6m & Salvesen 
952) were found most suitable and_ sensitive 
Igeri & Walker, 1952). 

0.02 N potassium permanganate will give yellow 
r white) spots on a pink background with un- 
curated barbiturates within 3 minutes. With bar- 
urates containing a cyclohexene or cycloheptene 
ig the colour develops more slowly than with 
saturation in an open chain (cf. Table I). 
Spraying with 0.1 N silver nitrate — 10 per cent 
mmonium hydroxide (1:1. v/v) and drying for 
minutes at 95° C in a drying oven will give white 
ots on a brown background. This method was 
ed in some instances for the detection of diethyl- 
\ and phenylethyl-BA after development with 
vent VI. 


RESULTS AND DISCUSSION 


The Rp values obtained with a number of 
rbiturates in various alkaline solvents 
—V) are given in Table I. With increas- 
g alkalinity of the solvent better spread of 
» values is obtained and thus better separa- 
ns are achieved. The decrease of Ry values 
ith increasing pH is probably due mainly 
increasing ionization in the second ioniza- 
n step. Unfortunately the second ionization 
nstant of most barbiturates studied here is 
known so no comparison can be made be- 
een these constants and the Rp, values 
tained. There is no obvious correlation 
tween pK, and R» values. 

There is, however, some correlation be- 
een structure and Ry, value. With N- 
sthylated barbiturates with only one ioniza- 
mn step (Stuckey, 1940, Fox and Shugar, 
52) higher Rp values are obtained than 
th the corresponding non-methylated bar- 
‘urates. Also there is a tendency towards 
ther Rp values with increasing length of 
open chain substituent. 

In butanol-water (solvent VII) all com- 
mn barbiturates give Ry values of the 
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picm Oy 


0 
220 240 260 280 300 
Wavelength mu 


Fig. 2. UV absorption curves characteristic of 5.5- 
dialkyl barbiturates. Obtained by elution of spot 
corresponding to ethyl(3-hydroxyisoamyl)-BA on 
chromatogram in solvent I with urine from a pati- 
ent who had ingested ethylisoamyl-BA. Elution with 
pH 10 borate buffer (@). Curves at pH 13 (A) 
after addition of alkali and pH 1 (0) after addi- 
tion of acid are corrected to same concentration as 
at pH 10. (Stuckey, 1940; Lous, 1950; Fox & 
Shugar, 1952). D denotes absorbance. 


order of 0.9. With oxidation products such 
as 5-ethyl-5(3-hydroxyisoamyl)-BA, slightly 
lower Ry values are obtained. With barbi- 
turic acid and thiobarbituric acid, Rp values 
close to zero have been obtained in this 
solvent as is also the case with alkaline sol- 
vents (Table I). 

Solvent V was only used with part of the 
barbiturates listed in Table I. The Rp values 
found were intermediate between those 
found in solvent IV and VII. The separating 
power is low. 

Among the alkaline solvents, isoamyl alco- 
hol-ammonia (solvent I) was found to be 
the most suitable for the separation of bar- 
biturates. Good separation between barbi- 
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picm fe) 


220 240 260 280° 300° 320 
Wavelength my 


Fig. 3. UV absorption characteristic of N-alkyl 
barbiturates. — Obtained by elution of methyl- 


cyclohexenyl-N-methyl-BA spot on chromatogram 


in solvent I. Notation etc. as in Fig. 2. 


turates is obtained in this solvent (Ry values 
between 0.3 and 0.7) and also between bar- 
biturates and metabolites with intact BA 
ring but with additional polar groups such 
as —OH, >C=O and —COOH (R» 
values between 0 and 0.3). Distinct spots 
are obtained with 20—25 wg barbiturate, 
whereas some tailing was obtained with 
higher amounts of barbiturate. These char- 
acteristics also apply to solvent II, which is 
easier to work with and has a less offensive 
odor. Solvent I is superior in one important 
respect, however: barbiturate spots are in 
general not identified by direct illumination 
of dry paper with UV light, but only after 
treatment with ammonia vapor. This is con- 
trary to the case with a number of interfer- 
ing substances. Thus the identification of 
barbiturates (and some metabolites) is more 
reliable after runs in solvent I than with the 
other alkaline solvents used. 


pic 


0 = 
220 20 260 280 300 320 340 
Wavelength mp 


Fig. 4. UV absorption curves characteristic of 5, 
dialkyl-2-thio barbiturates. — Obtained by elutic 
of allyl(1-methylbutyl)-2-thio-BA spot on chr 
matogram in solvent IV. Notation as in — 
Fig. 2. (Brodie et al., 1950). " 


Solvent I was also suitable for the sepi 
ration of barbiturate metabolites but bette 
separations may be obtained with less alkalit 
solvents such as solvent IV. Some barbitt 
rates have very close Ry values in solvent 
To obtain better separations in those case 
solvent VI was employed, e.g. to separa 
diethyl-BA and ethylphenyl-BA. With tl 
amounts of barbiturates used, a tendency / 
tailing was observed in this solvent. . 

By the determination of absorption cury 
after elution of spots, barbiturates may | 
identified as such with high probability. 
general the determination of absorptic 
curves at two pH values (pH 10 and pH 1 
will be sufficient. Further, barbiturates ar 
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tabolites may be classed into different 
oups by this technique, viz. 5,5-dialkyl-BA 
ig. 2), 5,5-dialkyl-N-alkyl-BA (Fig. 3) 
d thio-barbiturates (Fig. 4). With some 
stabolites and oxidation products other 
pes of curves may be obtained. 

An example of the use of the photographic 
entification technique is given in Fig. 1. 
1e absorbing spots appear as white areas. 
1is method is more tedious and was less 
nsitive in my hands than UV inspection 
t may be used to reveal absorbing spots 
overed” by fluorescent substances. 

The permanganate reaction was found 
eful to reveal unsaturated barbiturates 
nd metabolites). It worked well with un- 
ffered papers (solvent I, VI and VII). 
1e sensitivity was then about the same as 
th UV inspection of alkaline papers, 7. e., 
out 10—20 wg barbiturate per sq.cm. For 
e with buffered papers the reagent may 
ve to be acidified with sulfuric acid. The 
action is not specific but will be obtained 
th a number of substances (Lederer & 
sderer, 1953). Identification with the silver 
trate-ammonia reagent was less sensitive 
an UV inspection. 

With the alkaline solvents, the Rp values 
sre dependent on temperature, as is shown 
Table I for solvent II. Higher Ry values 
e obtained with lower temperatures (Lede- 
r & Lederer, 1953). This source of error 
ay be eliminated by simultaneous runs with 
andards. 

The strongly alkaline solvents may be ex- 
cted to cause some breakdown of barbi- 
rates. No evidence of such effects was 
served in the chromatographic studies, 
wever. (Cf. Fig. 4, where some break- 
wn probably took place during spectro- 


picm 


< pH 13 
~\ 
\. 39 mg borbital/100 mi 
° Ss 
i 168 


3 NA 8 54 


S 
Boone ae 
~---328 


0 
220 240 260 280 300 320 
Wavelength my 


Fig. 5. Example of “non-typical” absorption curves. 
Spectrophotometric analysis of blood extract from 
a patient on the tenth day after ingestion of about 
10 g of diethyl-BA. (Clinical diagnosis: barbi- 
turate intoxication. On the first day typical barbi- 
turate absorption curves were obtained showing a 
blood level of 19 mg/100 ml). Chromatography of 
blood showed dietyl-BA to be present. 


photometry at pH 13, leading to a decrease 
of absorbance.) 

In a few cases, with runs in solvents con- 
taining sodium hydroxide and with pH less 
than 11, two spots were obtained (with 
diethyl-BA and diallyl-BA) probably corre- 
sponding to monovalent and divalent salt. 
Similar results were obtained in trials with 
copper complexes where two spots, probably 
corresponding to uncombined and complex 
bound barbiturate, were obtained. 

In Fig. 5 an example is given of “non- 
typical” absorption curves obtained on spec- 
trophotometric analysis of blood extract. The 
curves do not justify a statement that barbi- 
turate is present but, on chromatography one 
spot corresponding to diethyl-BA was ob- 
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START 
| DIETHYL-BA 


FRONT 


ETHYLPHENYL-BA 


DIALLYL-BA 


ALLYLPHENYL-BA 


x ALLYLISOPROPYL-BA 


a 
od 
oO 
@ 
Is ©- 
@ 
S; 
-e 
Se 
@ 
= 


ETHYLCI-METHYL BUTENYL)-BA 


| ETHYL (CI-METHYL BUTYL)- BA 


ETHYLISOAMYL- BA 


ETHYLCYCLOHEXENYL-BA 


METHYLCYCLOHE XENYL- 
N-METHYL- BA 


Fig. 6. Graphical representation of chromatogra- 
phic results obtained with urines from a number 
of clinical cases having ingested various barbitura- 
tes. Open rings give position of standards, filled 
rings give position of absorbing spots from urine. 
— Solvent used: isoamyl alcohol-ammonia (1). 
The barbiturate nature of spots marked x has not 
been definitely established. 


tained and this on elution showed typical 
barbiturate absorption. 

Chromatographic findings for urines from 
a number of patients suffering from barbi- 
turate intoxication, who had ingested various 
barbiturates, are surveyed in Fig. 6.1 With 
the short acting barbiturates studied, UV 
absorbing metabolites appear in the urine 
extracts and are determined as barbiturates 
on spectrophotometric analysis. The spots 
given showed typical barbiturate absorption 
after elution except the spots marked x in 
the figure. 

Although the metabolism of barbiturates 
is still incompletely known, a better under- 


1 These results will be reported in detail else- 
where. 
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standing of its mechanism has been obtain! 
in the last few years (Maynert & Van Dyl 
1949; Maynert, 1952 a,b; Brodie, 195: 
Bush, Butler & Dickison, 1953; Algeri 
McBay, 1953, and others). It seems obvio: 
that barbiturate metabolites must be kept 
mind as a source of error in the quantitatr 
clinical-chemical determination of “activ 
barbiturates. : 
The chromatographic method does n 
seem suitable as a general routine methc 
for barbiturate analysis. The main disa 
vantage is the time taken for analysis, at lea 
24 hours. The method is useful in speci 
cases, however: 1/ in forensic medicit 
(Algeri & McBay, 1953), 2/ with deep 
unconscious patients to differentiate betwee 
long acting and short acting barbiturates a1 
to exclude additional causes of unconsciou 
ness, 3/ when the diagnosis is uncertain, eu 
when “non-typical” absorption curves a 
obtained on spectrophotometric analys 
4/ to increase certainty in the diagnosis al 
control of drug addiction, 5/ for separa 
determination of “active” barbiturates a1 
UV absorbing metabolites. In most cases 
will be advantageous to investigate more th; 
one of the materials: blood, urine, gasti 
contents and tablets, if available. In this w 
information may be obtained both concerni 
unchanged barbiturate and metabolite 
which will increase the certainty of the co 
clusion arrived at. | 
Because of the large number of bar 
turates in common use it will not be possil 
in all cases to elucidate the barbiturate pi 
sent with the methods described here. TI 
applies especially to cases where very CO! 
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x mixtures have been taken. The use of 
)-dimensional paper chromatography may 
necessary (e. g. solvent I and solvent VI). 


ADDENDUM 


Since this work was concluded Wright (1954) 

published results with a chromatographic 
tem using chloroform and buffered (alkaline) 
ers which seems more suitable as second solvent 
n the toluene-acetic acid solvent (VI) used here. 
sh systems have recently been developed further, 
ecially for medico-legal analysis (A. Frank, per- 
al communication). 
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KIDNEY FUNCTION STUDIES“IN MYELOMATOSRe 
By J. R. MYHRE anv E. K. BRODWALL 
From the Medical Department A, University Clinic, Bergen, Norway 
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Few workers have attempted a functional 
approach to the problems of the myeloma 
kidney. Armstrong (1950) performed kidney 
function studies in 15 subjects suffering 
from myelomatosis, and Goldman, Adams & 
Luchsinger (1952) studied 9 cases. 

Armstrong found a tendency towards 
better preservation of the tubular function 
than of the glomerular function and the 
renal plasma flow. Goldman ef al. found a 
parallel reduction of the glomerular, tubular 
and vascular functions indicating destruction 
of entire nephron units. These results are in 
accordance with the widely accepted idea of 
the essential role of tubular obstruction in 
myelomatosis; a comparatively greater im- 
pairment of the glomerular function and the 
renal plasma flow than of the tubular func- 
tion is more difficult to fit in with this view. 


MATERIAL AND METHODS 


Our material comprises 10 normotensive subjects 
suffering from myelomatosis, the diagnosis con- 
firmed in all cases by bone marrow aspirations. 
Proteinuria was present without exception, but 
Bence-Jones protein was not found in cases 3, 4 
and 8. Age and sex are recorded in Table I. Ure- 
thane was administered in cases 1 to 5 in the 
amounts recorded in the table and during the 
periods between the two dates stated. One subject 
(no. 4) had received urethane before the initial 
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study, in all approximately 50 grams during t 
two preceding months. ; 
We determined the glomerular filtration vr 
(inulin clearance) and the renal plasma flow (pat 
aminohippuric acid clearance) in all cases — in 
of them both before and after treatment wW: 
urethane. In 8 cases the tubular excretory maximt 
and in 7 cases the extraction ratio of para-amir 
hippuric acid were also determined. Methodolog 
ally we followed the descriptions of Goldring 
Chasis (1944), except in two cases (nos. 9 and 1 
where the anthrone method for inulin determit 
tions (White & Samson, 1951) was used. ; 
The extraction ratios were obtained by catl 
terisation of the right renal vein, blood samples 1 
spectrophotometric determination of the oxys 
saturation (Klungsoyr & Stoa, 1954) were tal 
at the same time. { 
All patients were studied in the post-absorpt 
state. Each value for glomerular filtration re 
renal plasma flow and tubular excretory maxi 
is the mean of three collection periods of cathe 
urine and is corrected to a body cae 
1.73 sq.m. The values for extraction ratios 
also the average of at least 3 determinations. 


F 
RESULTS AND DISCUSSIONS _ 

Our findings are presented in Table I 

The frequency and progressive nature 
the kidney lesions in myelomatosis are ft 
demonstrated by the results yielded by 
simpler tests — determination of blood ut 
blood urea clearance and concentration 
pacity. ) 
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When expressing the values for glom- 
erular filtration rate, effective renal plasma 
flow and tubular excretory maximum as per- 
centages of the normal mean, we have used 
the figures of Smith (1951) for normal males 
and females. On the whole the reduction 
of these functions is of approximately the 
same degree, and no special pattern of dis- 
turbed kidney function can be observed. 

The average values for glomerular filtra- 
tion rate, plasma flow and tubular excretory 
maximum are respectively 47 per cent, 51 per 
cent and 53 per cent of the normal in the 
eight cases in which all three functions were 
determined within a sufficiently limited 
period — a few days — as to warrant any 
comparison. The average value for glom- 
erular filtration rate has been computed only 
from the determinations made simultaneously 
with registration of the renal plasma flow. 
The values for glomerular filtration rate 
registered while determining the tubular ex- 
cretory maximum have been omitted, because 
a definite tendency towards a fall in the 
glomerular filtration rate was noted on ad- 
ministration of the more concentrated solu- 
tion of para-aminohippuric acid. 

Although we have found the tubular ex- 
cretory maximum to be slightly less reduced 
than the plasma flow and the glomerular 
filtration rate, the difference is small, and 
our findings can scarcely be said to confirm 
ithe results reported by Armstrong. From his 
data it can be calculated that the average 
values for glomerular filtration rate, renal 
plasma flow and tubular excretory maximum 
were respectively 63 per cent, 66 per cent 
and 79 per cent of the normal. Our results 
are more in line with those of Goldman et al., 
whose corresponding figures can be cal- 


culated to be 73 per cent, 76 per cent an 
69 per cent. : 
The values for filtration fraction tall 
reasonably well with both the observatior 
of Armstrong and of Goldman et al., pre 
vided the calculation is based on the usu. 
assumption of 100 per cent extraction c¢ 
para-aminohippuric acid during the passag 
of the blood through ‘the renal parenchym 
Armstrong points out the unavoidable err: 
involved in a calculation based on this a 
sumption in cases of definitely reduced ren 
blood flow, but as there appear to be r 
catheterisation studies in myelomatosis, 
formation as to the extraction ration of ft 
myeloma kidney has hitherto not bee 
available. 
The values for the extraction ratios of o1 
cases — recorded in Table I — were, ; 
might be exected, definitely below the a 
cepted norm of 0.91, ranging from 0.19 
0.85. The “true” values for renal plasn 
flow, obtained by multiplying by 0.91 f 
values for plasma flow computed from f 
renal arteriovenous difference in para-amin 
Clean 60.01 aa 
a “, a 
} Epan : 
recorded in Table I, as are likewise f 
“true” filtration fractions. The differe 
between the ordinarily determined value f 
renal plasma flow and the “true” value 
marked in several cases; the average val 
for the “true” plasma flow is 69 per cent 
the normal. | 
Use of the factor 0.91 entails the assum 
tion that the proportion between the t 
renal plasma flow and the effective r 
plasma flow is the same in the diseased 
in the normal kidney. It could well be, ho 
ever, that it is the absolute difference whi 


hippuric acid content ( 
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Mains approximately constant. If so, our 
lues for the “true” plasma flow are too 
sh. On recalculating these values, by as- 
ming a constant difference instead of a 
nstant proportion, only comparatively small 
anges are obtained in six of the eight cases. 


more marked change is apparent only in - 


se 8 and case 10, and the average value 
r the “true” plasma flow is little changed. 
The low values for the “true” filtration 
action do not necessarily indicate an un- 
oportionally severe glomerular defect. The 
ssage of part of the blood through non- 


nctioning — “inert” — renal tissue might . 


30 provide a feasible explanation, as a 
struction of nephrons starting with tubular 
struction might in the beginning leave the 
ymerular circulation relatively unaffected 
mith, 1951). Both Armstrong and Gold- 
an et al. use the normal filtration fractions 
gistered in their materials as an argument 
ainst a primary glomerular defect. The 
sults of the catheterisation studies, how- 
er, indicate that caution should be exer- 
ed in the interpretation of the values for 
@ plasma flow and the filtration fraction 
the myeloma kidney if these functions are 
fermined without regard to the para-amino- 
9puric acid content of the blood in the 
nal vein. 

The results of the determinations of the 
ygen saturation in blood samples from the 
aal vein and the values for the simulta- 
ously determined arterial oxygen satura- 
mn, are also recorded in Table I, and show 
ut the renal arterio-venous oxygen dif- 
rence in myelomatosis is of the order 
dinarily encountered. In only one case was 
oxygen saturation below 80 per cent re- 
tered in the renal venous blood, but in this 


individual the arterial oxygen saturation was 
also subnormal. Without the values for oxy- 
gen capacity and hematocrit determinations, 
only a rough estimate of the renal oxygen 
consumption can be made on the basis of the 
values for hemoglobin content. The results 
(Table I), which are calculated from the 
values for the “true” renal blood flow, are 
in accordance with similar observations made 
in subjects with other kinds of renal lesions 
(Carghill & Hickam, 1949), a decreased 
oxygen consumption being observed in the 
more advanced cases. 

The influence of the urethane treatment 
on the functional status of the myeloma 
kidney is probably negligible; in the 5 cases 
studied both before and after treatment a 
steady deterioration of the renal functions 
was registered. The doses administered were, 
however, relatively small and the intervals 
between the examinations somewhat pro- 
tracted. 


SUMMARY 


The values for renal plasma flow and 
glomerular filtration rate have been deter- 
mined in 10 cases of myelomatosis with pro- 
teinuria. In 8 of the cases determination of 
maximal tubular excretory capacity was also 
carried out. On the whole the results ob- 
tained indicate a parallel reduction of the 
glomerular, tubular and vascular functions 
of the myeloma kidney. Results of renal 
venous catheterisation studies — performed 
in 7 of the cases — indicate, however, that 
a relatively better preservation of the renal 
blood flow may exist. The renal arterio- 
venous oxygen difference was normal and 
the oxygen consumption varied with the 
degree of renal impairment. 
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During spectrophotometric determination 
the hemoglobin oxygen saturation in hemo- 
zed whole blood, the optical densities at 


6 and 560 my were found to change with. 


ne after hemolysis with saponin and to 
spend on the temperature of the hemolyzed 
ood (Refsum & Sveinsson, 1956). Some 
vestigations on these phenomena are re- 
ted in the present paper. 


METHODS 


All investigations were carried out on heparin- 
sd, venous blood from healthy non-smokers in 
post-absorbtive, non-lipemic state. In order to 
oid the influence of a possible reactivation of 
me inactive hemoglobin during the investigations, 
samples were kept for at least 2 hours at room 
mperature before starting the experiments. All 
assware was thoroughly cleaned and sterilized. 
For oxygenation, 5—8 ml blood was rotated for 
—20 minutes in a 300 ml tonometer, which was 
ished with air or oxygen at intervals. 

For hemolysis, 0.1 ml of a 30 per cent saponin 
lution (Merck) was added per 5 ml blood. The 
ponin solution was heated to boiling point and 
tered just before use. (Thus prepared and stored 
a refrigerator, this solution can be used for 
utine analyses for months.) 

The optical densities were read on a Beckman 
ectrophotometer Model DU, using the ultra- 
crocuvette described by Klungsdyr & St¢a 
954). The spectrophotometer was fitted with 
Dual Thermospacer Set and a thermostat circula- 
nm pump, allowing temperature control in the 


85 


cell compartment and in the cuvettes. For further 
details see Klungsgyr & Stga (1954) and Refsum 
& Sveinsson (1956). 

Optical density was read at 576 and 560 mu, a 
maximum and a minimum in the absorption curve 
of oxyhemoglobin, and at 506 my; an isobestic point 
of the absorption curves of hemoglobin and oxy- 
hemoglobin. While the absolute values read depend 
both on the depth of the cuvettes and on the con- 
centration of total pigment, the ratios between the 
optical densities (D576/D560, D576/D506 and 
D560/D506) are dependent on the oxygen saturation 
only. For calculation of the hemoglobin oxygen 
saturation see Drabkin (1950). 


RESULTS AND DISCUSSION 
Changes with time after hemolysis. 


After equilibration with air, the blood was 
drawn into two Luer syringes containing 
some glass beads. All air bubbles were care- 
fully expelled and the syringes were sealed 
airtight. The blood in one syringe was hemo- 
lyzed at once and the optical densities read 
immediately and thereafter every 20th minute 
while the temperature was kept constant. 

It was found that while D506 remained 
constant, D576 decreased and D560 increased 
until practically constant values were reached 
after 40—100 minutes. The changes of the 
ratios D576/D560, D576/D506 and D560/- 
D506 in the same sample of blood, expressed 
in terms of decrease in hemoglobin oxygen 
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Fig. 1. Example of the changes of D576/D560 in 
whole blood with time after hemolysis with saponin. 
. The total change of D576/D560 corresponds to a 
decrease in oxygen saturation of 1.8 per cent. 
Experimental temperature: 21° C. 


: After hemolysis immediately after equi- 
libration with air. 

o: After hemolysis 80 min. after equilibra- 
tion with air. 

<: After new equilibration of the hemolyzed 

blood with air. 


saturation, were found to be practically iden- 
tical. In blood samples from different donors 
the total decrease in oxygen saturation varied 
between 1.7 and 4 per cent. 

The aerated blood sample in the other 
syringe was kept for 1—3 hours at room 
temperature before it was hemolyzed and the 
optical densities read as described above. 
The changes found in the ratios between the 
optical densities in this sample of blood were 
very nearly the same as those found in the 
sample hemolyzed immediately after equili- 
bration. 

When the optical densities in the hemo- 
lyzed blood reached constant values, the rest 
of the hemolyzed blood was again equilibrated 
with air and the optical densities read in the 
same way. Now the ratios between the 
optical densities remained constant, prac- 
tically identical with the first values obtained 
immediately after hemolysis. 

An example of the above observations 
is shown in Fig. 1. The same observations 
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Fig. 2. Example of the influence of temperature © 
changes in D576/D560 in aerated whole blood wit! 
time after hemolysis with saponin. The total chang 
of D576/D560 corresponds to a decrease in oxyge: 
saturation of 2.7 per cent. Some of the hemolyze 
blood was examined at once at 22° C, while th 
remainder was kept at 7° C until the changes 1 
the first portion were complete, and was then equi 
librated to 22° C and examined in the same manne 
e——e: Reading immediately after hemolysis 2 

225 ' 
o: Reading after standing at 7° C and the 

equilibration to 22° C. 


were done whether the blood samples wer 
kept for 2 or 8 hours before starting th 
experiments, and whether hemolysis wa 
produced by the usual or threefold quantit 
of saponin. ; 
The rate of the changes of the optical den 
sities after hemolysis was also investigate 
at temperatures between 7°C and 37°C 
taking all readings at room temperature, a 
it was found to be considerably slower.at | 
temperatures. An example of the effect 
temperature is presented in Fig. 2. 
These observations show that the chang 
in optical densities observed in the blo 
after hemolysis with saponin are not due 
alterations of the hemoglobin itself, but 
a decrease in the hemoglobin oxygen satur 
tion. Furthermore they indicate that th 
decrease is caused by a temporary increa! 
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an oxygen-consuming process in the blood. 
lis explanation is supported by the fact that 
> pH of the hemolyzed blood remained 
actically constant during the first hours 
er hemolysis (changing only a few hun- 
edths), and is in accordance with the obser- 
tions of Ramsey & Warren (1930). 

In blood samples equilibrated with pure 
ygen instead of air before hemolysis, in- 
ring a surplus of physically dissolved 
ygen, no changes in the optical densities 
re observed. 
Consequently, 


protracted spectrophoto- 


tric studies of oxyhemoglobin in hemo-— 


red whole blood, e.g. plotting of the ab- 
rbtion curve, should be carried out in blood 
urated with oxygen or in blood saturated 
th air after the cessation of the oxygen- 
nsuming process following hemolysis. In 
utine determinations of hemoglobin oxygen 
uration, the readings should be made 
mediately after hemolysis and furthermore 
a fixed temperature as emphasized below. 


Influence of temperature 

The optical densities of samples of fully 
ygenated, hemolyzed whole blood were 
ad at temperatures between 3° C and 37°C. 
was found that D576 decreased while 
360 and D506 increased slightly when the 
nperature was raised, and vice versa. The 
ios between the optical densities varied 
shown in Fig. 3. The variations were re- 
rsible and practically the same in all 
mples, independent of whether the equili- 
ation was carried out with air or with 
ygen, or whether the equilibration, hemo- 
is and injection were performed at dif- 
ent temperatures. When calculated as 
anges in oxygen saturation per +10°C, the 
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Fig. 3. Example of the influence of temperature on 
D576/D506, D576/D560 and D560/D506 in hemo- 
lyzed whole blood, equilibrated with air at 22° C. 
Readings were made first at 22° C, then at 
bh ah AS) emia ey (C 


changes of the ratios D576/D560, D576/506 
and D560/D506 corresponded to = 2.7, 
= 4.8 and = 0.9 per cent respectively. 

The variations of the optical densities 
could be ascribed neither to a drift of the 
maximum at 576 mu or the minimum at 
560 mu towards other wave lengths, to 
temperature variation in the photocell, to 
changes of concentration due to temperature 
variations, nor to changes of the dissociation 
of the oxyhemoglobin. 

In experiments both with blood with low 
hemoglobin oxygen saturation (8—10 per 
cent) and with blood reduced with sodium 
dithionite (6 mg/ml blood) after hemolysis, 
D576 increased while D560 and D506 de- 
creased when the temperature was raised, 
and vice versa. Calculated as changes in 
hemoglobin oxygen saturation per + 10° C 
the changes of the ratios D576/D560, D576/- 
D506 and D560/D506 in the blood reduced 
with sodium dithionite amounted to approxi- 
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mately 221.2, 222%, and 222:3 perycent 
respectively. 

As a result of the opposite changes of 
DHbO2506 and DHb506, the exact position 
of the isobestic point approaches 507 my 
when the temperature is raised, and 505 mu 
when it is lowered. 

From these experiments it appears that 
the influence of temperature on the optical 
densities of hemolyzed whole blood is de- 
pendent both on the wave lengths employed 
and the degree of oxygen saturation in the 
sample. Consequently accurate investigations 
should be performed at a fixed temperature. 
In determinations of oxygen saturation, the 
readings should be carried out at the tempe- 
rature at which the constants in the calcula- 
tion formula were determined. However, the 
linear relationship of the ratios between the 
optical densities and the temperature varia- 
tions makes it possible to correct for tempera- 
ture differences. 

(For discussion of the influence of hemo- 
lysis and temperature on spectrophotometric 
determination of hemoglobin oxygen satura- 
tion in hemolyzed, whole blood in another 
connection see Lambertsen, Bunce, Drabkin 
& Schmidt, 1952.) 


SUMMARY 


It is demonstrated that changes in the 
optical densities of newly hemolyzed whole 
blood kept from a gas contact in a closed 
system are due to a decrease in the hemo- 
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globin oxygen saturation, probably cause 
by a temporary increase in an oxygen-cor 
suming process in the blood. Protractec 
accurate studies of oxyhemoglobin in heme 
lyzed whole blood should be carried out j 
blood saturated with oxygen or with a 
after the cessation of the oxygen-consumin 
process. | 

It is demonstrated that the influence « 
temperature on the optical densities of hem« 
lyzed whole blood is dependent both on th 
wave lengths employed and the degree « 
hemoglobin oxygen saturation. In accurat 
spectrophotometric investigations all reading 
should be performed at a fixed temperatur 
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\n increase in serum glycoproteins, often 
considerable magnitude, has been found 
uccompany a large number of clinical dis- 
ers of various entities. Elevated serum 
coprotein values have been observed in 
cer (Shetlar, Kelly, Foster, Shetlar & 
erett, 1950a), tuberculosis (Seibert, Sei- 
t, Atno & Campbell, 1947), diabetes 
erkman, Rifkin & Ross, 1953; Kei- 
g, 1954), rheumatoid arthritis (Shetlar, 
yne, Bullock, Patrick, Hellbaum & 
mael, 1953), (Shetlar, Payne, Padron, 
ton & Ishmael, 1956), rheumatic fever 
1etlar, Schmidt, Lincoln, De Vore, Bullock 
Hellbaum, 1952) and in pregnancy (Shet- 
, Richmond & Everett, 1950b). The 
gin of this hyperpolysaccaridemia is not 
ar. The problems involved may, however, 
investigated from the point of view that 
perpolysaccaridemia is a result of a modi- 
d protein synthesis. In order to correlate 
: protein synthesis with the cause of the 
vated serum glycoprotein values, it would 
m to be desirable to detect the total amount 
serum sulfhydryl (serum-SH) present. 
e reason for doing so is that cellular acti- 
y is partly based on the presence of 
ilable sulfhydryl groupes (Barron, 1953; 
mmet, 1934), and an alteration in -SH 
1 probably occasion a modified protein 


synthesis. The assumption that the -SH 


groups are involved during pathological pro- 
cesses which manifest themselves by increased 
serum glycoprotein is further supported by 
the fact that a reduced -SH serum content 
concurrently with a higher serum glyco- 
protein content has been shown in cancer 
by Stricks, Kolthoff, Bush & Kuroda (1953). 

The present investigations indicate that in 
patients with rheumatoid arthritis there is an 
increase of serum glycoprotein and lowered 
serum -SH. Therapy conducted with adreno- 
corticoid steroids will tend to normalise the 
serum content of glycoprotein and, to a lesser 
extent, of -SH. 


MATERIAL AND METHODS 


The patients reported on in the present study, 
who were all suffering from clinically manifest 
rheumatoid arthritis, were admitted to the Uni- 
versity Hospital of Copenhagen, Department A, 
for cortisone therapy. Blood samples were taker 
in the morning on fasting subjects. After clotting, 
the serum was kept at a temperature of + 2°C. 
Samples designed as normal were drawn from 
laboratory workers, nurses and patients with minor 
ailments. In the last-mentioned category the ery- 
throcyte sedimentation rate, electrophoretic pattern 
and flocculation tests were all within normal 
limits. 

Sulfhydryl groups were determined ampero- 
metrically according to the method of Kolthoff 
(1954). The buffer employed was n/10 phosphate, 
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pH 7.31, m/2 potassium choride. Titration was 
done with m/1000 mercuric acetate versus a standard 
calomel electrode at a voltage of —0.2 V. The 
indicator platinum electrode rotated with a speed 
of 1000 r.p.m. All titrations were carried out in 
nitrogen atmosphere, cleared of oxygen traces by 
passage through a column containing amalgamated 
zinc and 0.1 M. vanadyl sulphate, (Meites & Meites, 
1948). In order to avoid foaming during nitrogen 
passage, 0.1 ml. Spand 85 (sorbitan trioleate, Atlas 
Powder Co.) was added to 1.0 1 of the buffer 
solution. This addition does not interfere with 
titration results. A 1 ml microburette divided into 
two hundreths of a ml was used for all titrations. 
Results are expressed in Mmol -SH per 100 ml 
serum (1 Mmol -SH per 100 ml corresponds to 
121 mg/100 ml cystein). Deviation on duplicate 
titrations did not exceed 3 per cent. 

Serum polysaccarides were determined according 
to the anthrone method of Bjornesjo (1955). This 
method, which eliminates the errors which have 
hitherto been observed on account of interference 
from tryptophane, yields an accuracy on each deter- 
mination of 2 per cent. The results are expressed 
in mg of protein-bound non-hexosamine hexose in 
100 ml serum. 


RESULTS 

The anthrone method for determining 
serum glycoprotein on normal subjects 
showed a mean of 123 mg per 100 ml serum 
protein-bound non-hexosamine carbohydrate 
expressed as galactose-mannose in equal 
parts. The standard deviation on 10 deter- 
minations was 6.0 as shown in Table I. This 
is in agreement with the findings of Bjorne- 
sjO (1955) who determined a mean of 123 mg 
per 100 ml with a standard deviation of 8.8 
in 32 normal subjects. The titration of serum 
from 20 patients with rheumatoid arthritis 
resulted in a mean of 178 mg per 100 ml of 
protein-bound non-hexosamine  carbohy- 
drate. Although 18 of these 20 patients dis- 
played values of more than 160 mg per 100 
ml, the standard deviation was 29. 


Table 1. Protein-bound Hexose in Blo 
Serum of Normals and of Patients wi 
Rheumatoid Arthritis. 


Normals Rheumatoid subject 
mg/100 ml mg/1001 

I 126 Ia 1733 

II 118 II a 230 
III 115 III a 177 
IV 115 IV a 181 
Vv 132 Va 165 
VI 120 VI a 182 
VII 122 VII a 118 
VIII 128 VIII a 113 
IX 132 IX a 187 
xX 124 Xa 217 
a XI a 230 
de 123 XII a 172 
S.D 6.0 XIII a 161 
XIV a 187 

XV a 204 

XVI a 174 

XVII a 195 

XVIII a 170 

XIX a 161 

XX a 165, 

X: 178 

S.D 


29 


In Table II are shown the values f 
titrable -SH in serum from normal subjec 
and patients with rheumatoid arthritis. It 
seen that there is a clearly significa 
lowering of the -SH level in the group 
patients, the mean for which is 0.0390 Mm 
-SH per 100 ml of serum as compared wi 
0.0620 Mmol -SH per 100 ml of serum 
the group of normal subjetcs. Goldbli 
(1954) determines the normal -SH in serv 
to 0.0552 Mmol per 100 ml. The standa 
deviation in the group of normals was 0.00 
and in the group of patients 0.044. : 


Figure I shows the effect of therapy ¢ 
ducted with adrenocortical steroids on 
serum glycoproteins on two patients 
severe arthritis, As seen in the graph 
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able II. Content of Titrable Serum 
ifhydryl Groups in Normals and Patients 
with Rheumatoid Arthritis. 


Normals | Rheumatoid subjects 
nn Eee 


< Age Mmol-SH per | Sex Age Mmol-SH per 
100 ml serum 100 ml serum 


36 0.050 | 


bat 0.0425 
45 0.050 ety! 0.0405 
42 0.049 f. 46 0.0375 
33 0.080 £° 945 0.0317 
35 0.064 f. 45 0.0380 
42 0.063 m. 49 0.0410 
37 0.059 f. 38 0.0365 
51 0.061 fo 36 0.0495 
28 0.064 f. 52 0.0380 
36 0.063 m. 32 0.0405 
x= 0.062 X= 0.0390 
S.D.: 0.0077 S.D.: 0.0044 
} oe 
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.1. Effect of administration of cortisone and 
icortene on the content of serum polysaccharides 
two subjects with rheumatoid arthritis. Onset 
of therapy indicated by arrow. 
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Fig. 2. Changes in serum sulfhydryl -@—@e- and 

serum polysaccharide -o—o- during treatment with 

cortisone and meticortene of three subjects with 

rheumatoid arthritis. Dosages of steroids: A. 

3 x 5 mg meticortene daily, B. 2x5 mg meti- 

cortene daily, C. 3 xX 25 mg cortisone daily. Onset 
of therapy indicated by arrow. 


serum glycoprotein values decrease during 
the course of therapy. The arrows indicate 
the onset of the therapy. In Figure 2, three 
patients have been investigated with regard 
to -SH and serum glycoprotein during a 
period of treatment with corticoids (cortisone 
and meticortene). Also in these instances 
the serum glycoproteins manifest a pronoun- 
ced tendency to decrease, whereas serum -SH 
will increase during the same period. Sulf- 
hydryl titrations in cases B and C Fig. 2 were 
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carried out not later than after two hours of 
storing in the ice box. In case A Fig. 2 the 
oldest of the first blood samples had been 
stored 21 days in the cold. This causes a 
delay of the labile -SH groups and therefore 
we determined the rate of sulfhydryl oxida- 
tion which was found to be 3 per cent per 
day. The -SH values in this case were cor- 
rected with this factor. These changes in 
serum -SH and serum glycoproteins were 
accompanied by considerable improvement 
in the clinical condition of the patients. 


DISCUSSION 

Important activities have been attributed 
to sulfhydryl compounds in recent years. 
The investigations carried out by Wentworth 
& Billows (1952) of synergistic action of 
cortisone on radiation injury, by Mazur, 
Litt & Shorr (1950) of vasotropic sub- 
stances in shock and by Conn, Louis & 
Johnston (1949) of diabetes caused by corti- 
sone or aloxan, leads to the conclusion that 
sulfhydryl groups may be involved in im- 
portant metabolic processes. The present 
study investigates a correlation between -SH 
and serum glycoprotein. The reason for 
studying ‘cases of rheumatoid arthritis is that 
in this condition an abnormal glycoprotein 
synthesis takes place, Table I. As will appear 
from Table II, a decrease in serum -SH is 
found also in this disorder. This leads one to 
believe that the reduced content of serum -SH 
might indicate a modified protein synthesis 
which should promote a greater tendency 
to glycoprotein formation. 

The action of adrenocortical steroids on 
serum glycoproteins and serum -SH_ seen 
in Fig. 1 and 2 may be interpreted as an 
action of cortisone and meticortene on the 


glycoprotein synthesis, probably via an actio 
on serum -SH. In vitro experiments carries 
out in this laboratory on the action of corti 
sone on serum showed that cortisone in vitr! 
did not alter the serum -SH using cortison: 
in therapeutic concentrations. Elevating th! 
concentrations of cortisone about 1000 time 
the therapeutic concentration, an action wa 
seen which could be interpreted as an almos 
stoichimetrical reduction of serum -SS t 
-SH with cortisone -OH (Larsen, 1956). J 
has often been shown that cortisone impair 
protein synthesis. Clark (1953) pointed on 
that one of the actions of cortisone is to limi 
protein synthesis,not by accelerating the pro 
tein catabolism but by inhibiting or regulatin; 
the protein synthesis. A recent study Db 
Lowe & Rand (1956) indicates an action ¢ 
cortisone on the RNA metabolism. Histe 
chemically Teilum (1950) showed a simila 
action of cortisone and in 1951 Teilur 
demonstrated an inhibiting action of corti 
sone on the activity of plasma cells and th 
reticulo-endothelial system in hyperimmun: 
zed rabbits. The assumption that modifie 
protein synthesis intensifies an nor 
glycoprotein synthesis may be evidenced frot 
the findings herein presented. Recent hist 
chemical findings of Teilum (1956) sup 
the idea that a modified protein synthes 
may lead to an abnormal glycoprotein syt 
thesis. 


SUMMARY q 


Serum polysaccharides were cetera 
on 10 healthy subjects and 20 patients st 
fering from rheumatoid. arthritis, and an i 
crease of from 123—178 mg/100 ml proteii 
bound hexose was demonstrated. Seru 
sulfhydryl was determined on 10 health 
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ibjects and 10 patients with rheumatoid 
rthritis and here a considerable decrease 
ras demonstrated, ranging from 0.062 Mmol 
5H per 100 ml serum in normals to 0.0390 
[mol sulfhydryl in patients. 

During a period of therapy with adreno- 
ortical steroids conducted on 5 patients, a 
ecrease in serum glycoprotein was demon- 


rad 


trated. In the same period 3 of these 5 
atients were examined for serum sulfhydryl 
nd the low pre-treatment values were heigh- 
ened during the course of therapy. 

Evidence for a closer relationship between 
nese findings has been discussed with special 
eference to the action of sulfhydryl groups 
n glycoprotein synthesis. 
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A SIMPLE APPARATUS FOR ULTRAFILTRATION 


By T. ARONSSON 


From the Central Laboratory of the University Hospital, Uppsala, Sweden 


(Received for publication June 21, 1956) . 


In our studies of protein fractions from 
he preparative zone electrophoresis of hu- 
nan blood serum, it has been necessary to 
concentrate the dilute solutions under con- 
litions which are as mild as possible in order 
o avoid denaturation. Ultrafiltration is a 
nethod which has been employed by several 
uithors (Esser & Heinzler, 1952; Sober 
sutter, Wyckoff & Peterson, 1956). In the 
ollowing a simple ultrafiltration apparatus 
vill be described which we have found to be 
imple and convenient for this and similar 
yUTposes. 


Support of plexi-glass for the ultrafilter. 


ip 


ig. 
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PRINCIPLE 


Over a suitably constructed cylindrical support 
of plexiglass (Fig. 1) is drawn a moistened dialysis 
membrane, approximately three times the length 
of the support. The membrane is sealed with the aid 
of rubber bands which — above — are wound tightly 
about the membrane and the rubber packing sur- 
rounding the evacuation tube and — below — about 
the end of the membrane which has been folded 
several times. The lower part of the membrane is 
folded up along the support and fastened with a 
rubber band after which the filter is evacuated to 
approximately 10 mm Hg. The filter is sub- 
sequently lowered into a graduated cylinder con- 
taining the solution to be concentrated. 

Evacuation of the ultrafilter is performed with 
the aid of a vacuum pump or an effective water 
suction pump with a backflow valve which is con- 
nected to the filter via a reservoir flask for the 
filtrate, and a vacuum meter which also serves to 
indicate whether the membrane is intact after as- 
sembly (Fig. 2). 


DISCUSSION 


By means of the apparatus described 
above, an ultrafilter is attained which is 
simply, rapidly and inexpensively assembled. 
Its capacity naturally depends on the poro- 
sity of the membrane used. Here a membrane 
has been chosen (made by the Viking Corp., 
Chicago, U.S.A.) which makes the filter 
air-tight, even when evacuated to approxi- 
mately 10 mm Hg. Thus, even when not 
fully submerged in solution, the filter never- 
theless retains the vacuum and it is possible 
to concentrate to volumes of approximately 
0.1 ml. For dilute solutions of low viscosity 
the capacity under these conditions is ap- 
proximately 14 ml/hrdm?, which, for ex- 
ample, corresponds to about 10 ml per hour 
for the filter shown in Fig. 1, which has a 
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Fig. 2. Set-up for ultrafiltration with 2 filters. 

The vacuum pump is connected via the tube at the 

right. Note: The valve is opened before the pump 
is stopped in order to prevent back suction. 


diameter of 25 mm and a length of 90 mm. 
These dimensions, however, can be varied 
considerably. But it should be mentioned that 
the capacity is lowered with increased vis- 
cosity of the solution. 

Another advantage of the air-tight mem- 
brane is that after the filter has been eva- 
cuated it is no longer necessary that the 
vacuum pump be connected to the system. 
Instead, the filter may be sealed and the 
pump disconnected after which ultrafiltration 


a 
may be performed in a refrigerator, etc 
There is only an insignificant decrease is 
the vacuum and the vacuum is sufficient te 
cause the filling of the filter without furthe 
evacuation. Thus, using only one vacuun 
pump, as many filters as desired may b 
operated simultaneously. This is advant 
geous when several different solutions 0 
large volumes are to be concentrated, fo 
several different filters may be employer 
to enable a more rapid ultrafiltration. } 
Due to the principle of the filter, viz. wit 
the solution to be concentrated outside t 
membrane in a graduated cylinder, it is eas) 
to arrange for the filtration to be automat 
ically discontinued at a predetermined volume 
or concentration, if the initial concentratio: 
is known. This may be done simply by level 
ling the bottom of the filter with the desires 
volume mark on the graduated cylinder. Th 
filtration may thus proceed without furthe 
observation, so that the night may be utilized 


SUMMARY 


A simple apparatus for iliariteeian an 
concentration of solutions of proteins an 
similar compounds of high molecular weigh 
has been described. The ultrafilter consist 
of a dialysis frame of plexi-glass, which 
evacuated. 


REFERENCES 


Esser, H. & Heinzler, F.: Method of obtaini 
proteins for electrophoresis on filter pap 
from cerebrospinal fluid and other dilute pri 
tein solutions by filtration under pressure. 
Klin. Wchnschr. 30, 600, 1952. 

Sober, H., Gutter, F. . Wyckoff, M.& Peterson, e) 
Chromatography of proteins. II. Fractionati 
of serum protein on anion-exchange cellulo 
J. Am. Chem. Soc. 78, 757, 1956. 


i 
: 
: 
: 


andinav. J. Clin. & Lab. Investigation 97—98, 9, 1957. 


LARGE SCALE SEPARATION OF PORPHYRIN PIGMENTS 
ON CELLULOSE POWDER COLUMNS 


By L. ERIKSEN 


From the University Institute of Physiology, Oslo University, Oslo, Norway 
(Received for publication August 25, 1956) 


In a previous paper (Eriksen, 1953) a 
mple chromatographic method for the sepa- 
tion of porphyrin pigments on paper sheets 
cording to the number of acidic groups of 


e pigments has been described. The method 


wuld not, however, be used for the separa- 
on of larger amounts of porphyrins, and 
e have therefore tried to modify the method 
-a column method. It was found that the 
Irphyrins could be separated on cellulose 
ywder columns in the same way as on paper 
leets, the Rf values of the porphyrins cor- 
sponding with the Rf values of the same 
Irphyrins in the paper sheet chromato- 
-aphy. 
EXPERIMENTAL 

The porphyrins used were uroporphyrin I, 
yproporphyrin III and mesoporphyrin, 
hich have been generously supplied by prof. 
imington as the methyl esters. 

The porphyrin esters were hydrolysed in 
ie usual way with 7 N HCl for 32 hours, 
raporated to dryness in a vacuum dessicator 


yer NaOH pellets, dissolved in small 
mounts of 30% 10% NHsg3 in acetone. 
mall amounts of Wathman cellulose 


ywder for chromatography were mixed 
ith the porphyrin solutions and dried 
a vacuum dessicator over night. The dry 
Hulose powder which contained the por- 
tyrins, were bottled and kept in the dark as 
andard sources of analytical material. 

The behavior of the porphyrins on small 
Jumns of cellulose powder packed tightly 
ith a glasrod were tested using ascending 
iromatography. It was found that the por- 


oF 


phyrins behaved completely in the same way 
as on paper sheets. However, the ascending 
method was very inconvenient to work with 
as the elution of the porphyrins could be 
done only with difficulty, and the following 
procedure was worked out using descending 
development and elution of the different 
porphyrins by liquid chromatography. 

Approximately 15 cm long columns and 
of varying diameter depending on the amount 
of porphyrin to be analysed were used. 

A small stopper of glas wool was placed 
in the lower end of the column and Wath- 
man cellulose powder for chromatography 
was packed into the column up to approxi- 
mately 12 cm with a glasrod flatened in one 
end. The porphyrin containing cellulose 
sample was then added and packed in a 
narrow strip and finally an approximately 
1 cm high layer of pure cellulose powder was 
packed on the top of the column to protect 
the porphyrin containing zone during the 
addition of the eluent. 

A mixture of 2—6 lutidine/water 6/2 was 
added and allowed to kreep down the column. 
The porphyrins were separated during the 
passage of the solvent mixture down the 
column. By measuring the distance travelled 
by the front and by the different zones and 
calculating the Rf values we found the fol- 
lowing approximate values: Mesoporphyrin 
0.95, coproporphyrin 0.53, while uropor- 
phyrin had not moved at all. 

The speed of elution was increased after 
the development of the chromatogram on the 
column, by slight pressure. This brings out 


98 L. ERIKSEN 


the 2 carboxylic porphyrin. Then the water 
content of the water/lutidine mixture was 
increased from 2/6 to 4/6, and the 4 car- 
boxylic porphyrin brought down. At the 
same time the uroporphyrin began to move. 
When all porphyrins but uroporphyrin were 
eluted from the column a drop of conc. NH, 
was added to 25 ml of the 6/4 lutidine/water 
mixture, and the uroporphyrin brought down 
rapidly and in a highly concentrated band. 

The column must be kept in the dark dur- 
ing chromatography. 

The different zones eluted were tested on 
paper sheets according to Eriksen (1953), 


; 
and found to behave as 2, 4 and 8 carboxyl: 
porphyrins respectively. Thus the separatio 
of the different porphyrins has been accor 
plished according to the same principal as i 
the paper sheet chromatography. { 


SUMMARY 

A simple method for large scale separatio 
of porphyrin pigments according to th 
number of acidic groups has been describec 
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t NOTE ON THE DETERMINATION OF SERUM CHOLESTEROL 
BY THE LIEBERMANN-BURCHARD REACTION 


By A. HOLMGARD 


From The Central Clinical Laboratory, St. Erik’s Hospital, Stockholm, Sweden 


(Received for publication August 29, 1956) 


As the determination of serum cholesterol 
extensively used as a routine examination 
1 most clinical laboratories there is a need 
or a method which is rapid and at the same 
me sufficiently exact and specific. In this 
boratory we have found the method de- 
sribed by Pearson, Stern & McGavack 
1952) to fulfill these conditions. 

In this method the Liebermann-Burchard 
saction (LBR) is carried out directly on 
rum. The serum lipids are not extracted 
or is the cholesterol precipitated as in most 
ther methods. The extinction of LBR color 
, measured photometrically at the wave- 
ngth of 5500 A, not at 6250 A, where the 
lor has its maximum absorption and which 
, recommended in most other methods. As 
1e authors do not explain this divergence 
leir instruction has caused some confusion 
ad some errors in the way in which the 
iethod is carried out. In this paper it is 
emonstrated that the reason why the wave- 
ngth 5500 A has to be used is the fact that 
lirubin gives a reaction very similar to 
le LBR. 

It has repeatedly been observed that other 
ibstances than cholesterol may influence 
ie LBR. According to Sole (1947) one gets 
ie typical green color with, for example, 
lirubin, hemoglobin and carotene. As the 
1olesterol determinations are of special im- 
ortance in jaundice the reaction with bili- 
ibin may involve considerable source of 
ror. This error is eliminated when the ex- 
nction at 5500 A is used instead of 6250 A, 
id if the estimation is made against a blank 
sisting of serum, correspondingly diluted 
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Fig. 1. Absorption curves of 1) the Liebermann- 
Burchard reaction carried out on a solution of bili- 
rubin in chloroform (12.4 mg per 100 ml) and 2) of 
the same bilirubin solution correspondingly diluted 
with p-toluenesulfonic acid. — Ordinate: extinction 
coefficient, abscissa: wave-length. 


with p-toluenesulfonic acid. This elimination 
of the error is due to the fact that-at 5500 A, 
but not at 6250 A, the extinction of the color 
due to the presence of bilirubin in the LBR 
equals the extinction of the corresponding 
bilirubin blank. 

This is demonstrated in Fig. 1. On a solu- 
tion of bilirubin (Merck, puriss) in chloro- 
form, containing 12.4 mg per 100 ml, the 
LBR was carried out as described by Pear- 
son, Stern & McGavack (1952). Between 
the wave-lengths of 4000 and 7000A the 
extinctions of sample and blank were deter- 
mined separately in a Beckmann B photo- 
meter. Both were read against water as 
blank.) The extinction curves cross each 


1 According to Jones & Moreland (1955) the 
mixture may explode when transferred to cuvettes 
if the latter contain water. 
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other at 5500 A. In other experiments it was 
found that the LBR carried out on a pure 
cholesterol solution follows the Lambert- 
Beer law at 5500 A as well as at 6250 A. 

In several sera total cholesterol was deter- 
mined by both the method of Pearson et al. 
and the Bloor method as described by Bloor, 
Pelkan & Allen (1922). The results were in 
good agreement when the wave-length 
5500 A was used in the method of Pearson 
et al. 

In three icteric sera the total cholesterol 
was determined according to the method of 
Pearson et al., the Bloor method as.described 
by Bloor, Pelkan & Allen and the digitonia 
precipitation method of Sperry & Schoen- 
heimer (1934). The bilirubin was determined 
according to Jendrassik & Grof (1938). The 
results appear in Table I. 


Table I. Comparison of the values for 
concentration of total serum cholesterol when 
determined with the method of Pearson 
et al., the Bloor method and the method of 
Sperry & Schoenheimer (SS). All concen- 
trations in mg per 100 ml serum. - 


Cholesterol 


Serum no.| Bilirubin 
Pearson| Bloor 


et al. | 


il 630 615 600 
2 560 570 540 
3 600 590 |) 595 


CONCLUSION AND SUMMARY : 


The method of Pearson, Stern & McGavael 
(1952) for the determination of serum chol 
esterol is time-saving and gives results in 
good agreement with other methods. Bih 
rubin influences the Liebermann-Burchar 
reaction. This makes the cholesterol result 
erroneous if the extinction at the absorptior 
maximum, 6250 A, is used. The error is eli 
minated if the extinction at 5500A is usec 
and if the extinction is read against a sertn 
blank. This elimination of the error is du 
to the fact that at 5500 A the extinction o 
the LBR-color wtih bilirubin equals that , 
the blank. 


; 
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HEAT TOLERANT, LOW RESISTANCE BREATHING VALVE 


By H. ERIKSON ano J. RAUSAND 


From the University Institute for Respiratory Physiology, Department III, Ulleval Hospital, 
Oslo, Norway 


(Received for publication November 1, 1956) 


For spirometry during exercise or hyper- 
atilation, a leakproof breathing valve 


ich requires a minimum of opening pres- 


re and offers small resistance to large 
flows, is necessary to obtain true ven- 
itory values. 

[f such a valve is used by patients suffer- 
y from infectious lung diseases, it should 
sferably tolerate dry sterilization without 
erioration or distortion of any of its parts. 
In the commonly used types of breathing 
lves there are membranes of mica, flaps 
rubber, or plastic parts (Comroe, 1950) 
ich do not tolerate dry sterilization. 

In the following a breathing valve, which 
think fulfills all the requirements men- 
ned, is described. 


a: 


Fig. 1. Vertical section through the valve. 
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Fig. 2. Inner cylinder with vaive seats and 
membranes. 


DESCRIPTION OF THE VALVE 


A brass pipe with an inner diameter of 51 mm 
and 150 mm long is used for the housing. Short 
pieces of brass pipe with an internal diameter of 
34 mm are used for connection with the in- and 
expiratory tubes and the moutlpiece.t 

The valve seats are brass rings with an outer 


diameter of 51 mm and an inner diameter of 34mm. 


1 Mouthpieces with this internal diameter are 
obtainable from Mc Ewan and Smith, Doylestown, 
Pennsylvania, U.S. A. 


Fig. 3. Assembled valve. 


The outer edge of each ring has 2 mm deep groove 
for an O-ring (Angus no. R 150). The inner edge 
has a 1 mm elevation which serves as a seat for 
the circular, 0.2 mm thick steel membrane with a 
diameter of 38 mm, The membranes are equipped 
with steering pins. 

For constructional details, see Fig. 1. 

The two valve seats are connected with a section 
of a cylinder, which facilitates assembling of the 
valve, a plate between the valve seats reduces dead 
space (Figs. 1 and 2). 

The top of the housing is closed with a lid 
equipped with an O-ring. 

The assembled valve is shown in Fig. 3. 

The valve has to be used in a fairly vertical 
position, or springs must be inserted. 
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VALVE CHARACTERISTICS 


All air openings in the valve correspor 
to a tube with an inner diameter of 34 mr 

The pressure required to lift a thorough 
wet membrane from its seat is 0.5 mm 
water. A reduction of the top surface of th 
seat would diminish this opening pressur 

The resistance to air flows of 50, 100, 2( 
and 300 1/min. is 0.5, 1, 2 and 3 mm of wate 
respectively. 4 

This compares favorably with the 1 
sistance of the valve recently published | 
McKerrow & Otis (1956), who with the 
valve found an expiratory resistance « 
approximately 4.5 to 12.5 mm of water 
airflows of 50 to 300 1/min. 

The O-rings which have the least tolera 
to heat, can tolerate temperatures up 
LA. 
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m NEW SPECIFIC LIVER TEST. DETERMINATION OF 


<NITHINE CARBAMYL TRANSFERASE IN HUMAN SERUM 


n the mammal, enzymic formation of urea 
n COz, NHs3 and ornithine takes place 
lusively in liver (Grisolia & Cohen, 1951). 
¢ step in urea synthesis is the formation 
citrulline (Jones, Spector & Lipmann, 


5): 


bamylphosphate + ornithine ——~ citrul- 
line + phosphate 


‘his enzymic reaction involves a carbamyl 
isfer and the purified enzyme is highly 
cific for ornithine (Reichard, 1956). The 
1e ornithine carbamyl transferase (OCT) 
| proposed and this enzyme was shown 
ye identical with the enzyme discovered 
Krebs, Eggleston & Knivett (1955). This 
yme catalyzed the arsenolysis of citrul- 

to COs, NHs and ornithine. These 


5 10 15 


20 Days 


1. OCT-units the same as in the table. — 
se typical curves illustrating variation of OCT 
level during disease. 

-—x Hepatitis infectiosa. 

—o Cancer vesicae fellae cum metastasibus 
hepatis. 

A—A Cirrhosis hepatis. 

led area corresponds to normal OCT level. 


Group No. of OCT units 
cases range means 
Healthy persons ...... 15 0—3 1,4 
Ulcus duodeni ..... (2) 
* Nephritis/aci .2....- (2) 
Pneumonia ac ..... (2) 6 1—4 2 
Infaretus cord. ......- 5 0—6 2 
Cholelithiasis ..... (10) 
(without fever or pains) ) 0—6 3 
1 15 
Cholecystitis ....... (8) 
(with fever and pains) 6 12—88 38 
2 1—2 
Cirrhosis hepatis ...... 3 9—15 13 
Cancer cum metastasibus 
hepatis: Mace yee (4) 3 20—100 
1 6 
Cancer sine metastasibus 
hepatis Sones dos 2; 1—5 
Hepatitis infect. .. (16) 12 10—248 i 
4 5—9 bg 


* First 2 days after onset of icterus always above 100. 


OCT-units here used are only relative figures refer- 
ring to applied standard condition. — Cirrhosis 
hepatis and cancer verified by microscopic examina- 
tion. Samples from patients with infarctus cordis 
taken between 12 and 36 hours after onset of illness. 


authors also demonstrated that the arse- 
nolysis of citrulline was exclusively localized 
in mammalian liver. 

Damage to cells containing glutamic oxalo- 
acetic transaminase results in an increased 
level of this enzyme in serum (LaDue, 
Wroblewski & Karmen, 1954). It might 
likewise be assumed that damage to liver 
cells containing OCT results in an elevated 
OCT level in serum. The present communi- 
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cation describes the occurence and variation 
of OCT in normal and pathological sera. 

The arsenolysis of citrulline was a con- 
venient method for measuring OCT activity. 
With citrulline-carbamyl-!44C as substrate 
measurements of the formation of radio- 
active COz allowed the quantitative deter- 
mination of very small amounts of OCT. 

For this purpose 0.5 ml of serum was in- 
cubated with 250 wu moles of sodium arsenate, 
pH 7.1, 2 w moles of citrulline-carbamyl-14 C 
in an final volume of 1 ml. The formation 
of 14COe under standard conditions was 
measured and was proportional to the con- 
tent of OCT in serum. 

For results see the accompanying table 
and figure. In the present material the OCT 
level was raised only in liver and bile dis- 
eases. Especially high values were found in 
infectious hepatitis at the onset of icterus 
with OCT values 200 times thet normal 
range. In acute cholecystitis strongly elevated 
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values were also observed. Moderate i 
creases were found in liver cirrhosis. T 
curves of the OCT level may give valua 
diagnostic and prognostic information. 
These preliminary results indicate th 
measurement of the amount of OCT” 
serum probably can serve as a specific 


test. 
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Ae) Yi ON IN DIABETES MELLIGUS 


On the basis of their experiments on 
oxanized rats, Charalampous & Hegsted 
949) suggested that a diminished acetyl- 
ion of, e. g., foreign amines is present in 


abetes. The restoration of this defect to 


rmal with ATP and with intermediates of 
= citric acid cycle led the authors to assume 
at the effect was due to a deficient forma- 
mn of high energy phosphate bonds in dia- 
tes. This view has been held up to the 
esent and the decreased acetylation is taken 
evidence for an impaired oxidative phos- 
orylation in the diabetic organism (Stadie, 
55, 1956). In seven cases of human dia- 
tes under insulin treatment Gershberg & 
whl (1950) found the acetylation rate to be 
rmal. Since our studies on acetylation of 
aminobenzoic acid (PABA) in diabetic 
man subjects have resulted in a quite op- 
site view, a short account of them is given 
fe. 

As a measure of the acetylation capacity 
e acetylated/total PABA ratio in a 3-hour 
inary sample collected after oral admini- 
‘ation of 1 gm PABA was determined 
3ratton & Marshall, 1939). The data ob- 
ined in 31 diabetics and in 22 normal sub- 
sts are presented in Fig. 1. The groups 
sre matched as to age, sex and body build. 
The diabetic subjects are divided into three 
bgroups according to the stage and the 
sponse to treatment of their disease. The 
ses included in the first column had a more 
less severe ketosis and some, but not all, 
them received insulin when the acetylation 
t was made. The patients placed in the 


second column were all under insulin treat- 
ment and had a variable degree of hyper- 
glycemia and glucosuria but no signs of 
ketosis. Their diabetes was not controllable 
with oral antidiabetics or mere diet. The 
members of the third group received no 
treatment at the time when tested for acetyl- 
ation but later they all revealed a favourable 
response to BZ 55 or dietary regimen. 
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PERC ENT PABA ACETYLATED 
O 


Acidosisl Insulin | diet 


Fig. 1. Percentage ratio of acetylated/total PABA 

excreted in urine during 3 hours after oral ingestion 

of 1 gm by diabetic and normal human subjects. 
For explanation of the grouping see text. 
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It is obvious that the ability to acetylate a 
foreign amine such as PABA is definitely 
increased during diabetic acidosis and often 
over normal limits also in insulin-needing 
diabetics without acidosis, but it is normal 
in cases which are later controlled by oral 
antidiabetics or diet only. No distinct corre- 
lation exists between the acetylation per- 
centage and the fasting level of blood sugar. 
In previously untreated cases with acidosis, 
the acetylation percentage falls somewhat on 
insulin administration but often remains high 
in spite of an apparently perfect control of 
the diabetic state. 

The exact interpretation of these findings 
by means of the present knowledge of the 
biochemistry of human diabetes is not fully 
clear. Probably the increased acetylation of 
a foreign substance reflects the same meta- 
bolic fault as increased acetoacetate syn- 
thesis. The observation need not necessarily, 
however, be incompatible with the decreased 
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oxidative phosphorylation in diabetes sine 
it is possible that an accelerated acetylatio 
reaction of this kind can proceed in viv 
without a normal formation of energy-ric 
phosphate compounds. The discrepancy be 
tween the results of acetylation studies i 
alloxan-induced rat diabetes and the spon 
taneous human disease points to a differenc 
between these two diabetic states. . 
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THE MECHANISM OF CREATINURIA DURING 
IMMOBILIZATION IN BED 


In investigations on humans, Sandberg, 
echt & Tyler (1953) have confirmed earlier 
nimal experiments showing that creatine is 
ynthesized in the liver. Benedict, Kalinsky, 


carrone, Wertheim & Stetten (1955) have 


sd N15-glycine, a precurser of creatine, to 
atients with severe progressive muscular 
ystrophy and thereby presented evidence 
iat the creatinuria in this disease is caused 
y a failure of newly formed creatine to 
ater the muscle. The finding of a urinary 
reatine with an initial concentration of N1 
ir higher than that found in the creatinine 
xcreted in the same period was used as the 
lain basis for this conclusion. 


Heilskov & Schgnheyder (1955) found a 
pronounced creatinuria as well as a negative 
nitrogen balance in normal persons immo- 
bilized in bed. These persons had a normal 
diet containing about 125 g meat per day. 
A similar creatinuria has now also been 


found in a normal person kept on a creatine- 
free diet, cf. Table I. 


A normal man (FS), aged 21, was immobilized 
in bed for two weeks on a creatine-free diet. Before 
immobilization the urinary excretion of creatinine 
varied between 1620 and 1940 mg per 24 hours, and 
the urine was practically free of creatine. The day 
before immobilization the concentration of creatinine 
and creatine in serum was 0.90 mg and 0.53 mg 
per 100 ml respectively. The determinations of 


Table I. Creatine and creatinine in serum and urine 
from subject FS. 
D Urinary Urinary Serum Serum 
¢ rd creatinine. creatine. creatinine. creatine. 
ae mg excreted mg excreted mg/100 ml mg/100 ml 
ot 0.90 0.53 
1 1914 34 0.92 0.48 
2 1702 167 0.81 0.75 
3 1680 200 0.81 0.83 
4 1676 134 0.77 0.75 
5 1810 77 
6 1869 247 0.92 0.89 
7 1729 404 0.83 0.92 
8 1693 343 0.80 0.87 
9 1651 SV 0.67 0.82 
10 1569 408 
11 1640 322 0.76 0.92 
12 1606 263 0.64 1.03 
13 1743 203 0.76 0.89 
14 1608 Heyl 0.74 0.90 


1 Day 0 indicates the day before immobilization. 
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Table Il. N atom per cent excess in urinary creatimme ; 
and creatine after feeding N'-glycine. ; 
Urinary Urinary - 4 
D Hours after creatinine. creatine. > 
ans feeding N%® Atom per cent Atom per cent a 
excess excess Pt 
1.21. 8 AM.—2 P.M. 3 0144 1445 3 
1.21. 2 P.M.—1.22. 8 A.M. 15 0145 1055 ; 
1.22. 8 AM.—1.23. 8 A.M. 36 0108 0677 4 
1.23. 8 A.M.—1.24. 8 A.M. 60 .0102 0233 ! 

1.24. 8 A.MM.—1.25. 8 A.M. 84 0045 0135 


creatine and creatinine were carried out according 
to the method of Borsook (1935). During the whole 
immobilization period the nitrogen balance was 
negative with a maximum loss of 6.7 g on the 
8th day. 

On the 11th day of immobilization at 8 a.m. 
1 g of N*-glycine (34 atom per cent excess) was 
fed, and during the following days the exreted 
amounts of creatine and creatinine were isolated as 
creatinine zinc chloride from a series of urine 
portions, a modification of the method of Bloch 
& Schoenheimer (1939) being used. The crystallized 
samples were subjected to wet ashing with sul- 
phuric acid, and the N15 atom per cent excess was 
measured in a Metropolitan Vickers MS III mass 
spectrometer. 


It is seen (Table II) that the contents of 
N® are far greater in creatine than in crea- 
tinine during the first days after the admini- 
stration of N1-glycine. 

The results arrived at do not support the 
view that the excreted creatine should ori- 
ginate from a surplus of creatine leaving the 
muscle cells, but they do favor the conception 
that the increased amount of creatine in blood 
and urine is caused by a diminished uptake 
in the muscles of the endogenously produced 
creatine. This decrease in utilization of crea- 
tine is in accord with the finding of a dimini- 
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shed utilization of dietary protein during 
immobilizing bed rest (Schgénheyder, Heil 
skov & Olesen, 1954). 
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